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Extending and Embedding Python, Yayim 3.14.0a2

Bu belge, Python yorumlayicisini yeni modiillerle genigletmek i¢in C veya C++da modiillerin nasil yazilacagini agik-
lar. Bu modiiller sadece yeni fonksiyonlar1 degil, ayn1 zamanda yeni nesne tiplerini ve metotlarini1 da tanimlayabilir.
Belge ayrica Python yorumlayicisinin bir uzant1 dili olarak kullanilmak iizere bagka bir uygulamaya nasil yerlestirile-
cegini de aciklar. Son olarak, temeldeki igletim sistemi bu 6zelligi destekliyorsa, uzanti modiillerinin yorumlayiciya
dinamik olarak (caligma zamaninda) yiiklenebilmesi i¢in nasil derlenecegini ve baglanacagin gosterir.

Bu belge, Python hakkinda temel bilgiye sahip oldugunuzu varsayar. Dile gayri resmi bir giris i¢in bkz. library-index.
library-index, dilin daha resmi bir tanimin verir. library-index, dile genis uygulama yelpazesi saglayan mevcut nesne
tiirlerini, islevleri ve modiilleri (hem yerlesik hem de Python’da yazilmis) belgeler.

Tiim Python/C APT’sinin ayrintili agiklamast i¢in ayri c-api-index’a bakin.

icindekiler 1
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2 icindekiler



BOLUM 1

Onerilen ticiincii taraf araclari

Bu kilavuz, yalnizca CPython’un bu siiriimiiniin bir parcas: olarak saglanan uzantilari olusturmak icin temel araglari
kapsar. Cython, cffi, SWIG ve Numba gibi {igtincii taraf araclar, Python i¢in C ve C++ uzantilari olusturmaya yonelik
hem daha basit hem de daha karmasik yaklagimlar sunar.

¢ Ayrica bakimz

Python Paketleme Kullanic1 Kilavuzu: ikili Uzantilar
Python Paketleme Kullanic1 Kilavuzu, yalnizca ikili uzantilarin olusturulmasini basitlestiren cesitli mevcut
araclar1 kapsamakla kalmaz, ayn1 zamanda bir uzanti modiilii olugturmanin en bagta neden istenebileceginin
cesitli nedenlerini de tartigir.



https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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BOLUM 2

Uclincii taraf araglari olmadan uzantilar olusturma

Kilavuzun bu boliimii, iiciincii taraf araclardan yardim almadan C ve C++ uzantilari olugturmay: kapsar. Kendi C
uzantilarimizi olusturmaniz i¢in dnerilen bir yol olmaktan ziyade, ncelikle bu araglarin yaraticilarina yoneliktir.

2.1 Extending Python with C or C++

It is quite easy to add new built-in modules to Python, if you know how to program in C. Such extension modules can
do two things that can’t be done directly in Python: they can implement new built-in object types, and they can call
C library functions and system calls.

To support extensions, the Python API (Application Programmers Interface) defines a set of functions, macros and
variables that provide access to most aspects of the Python run-time system. The Python API is incorporated in a C
source file by including the header "Python.h".

The compilation of an extension module depends on its intended use as well as on your system setup; details are given
in later chapters.

O Not

The C extension interface is specific to CPython, and extension modules do not work on other Python implemen-
tations. In many cases, it is possible to avoid writing C extensions and preserve portability to other implementa-
tions. For example, if your use case is calling C library functions or system calls, you should consider using the
ctypes module or the cffi library rather than writing custom C code. These modules let you write Python code
to interface with C code and are more portable between implementations of Python than writing and compiling
a C extension module.

2.1.1 A Simple Example

Let’s create an extension module called spam (the favorite food of Monty Python fans...) and let’s say we want to
create a Python interface to the C library function system () !. This function takes a null-terminated character string
as argument and returns an integer. We want this function to be callable from Python as follows:

>>> import spam
>>> status = spam.system("ls —-1")

! An interface for this function already exists in the standard module os — it was chosen as a simple and straightforward example.



https://cffi.readthedocs.io/
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Begin by creating a file spammodule. c. (Historically, if a module is called spam, the C file containing its imple-
mentation is called spammodule. c; if the module name is very long, like spammi fy, the module name can be just
spammify.c.)

The first two lines of our file can be:

#define PY _SSIZE_T CLEAN
#include <Python.h>

which pulls in the Python API (you can add a comment describing the purpose of the module and a copyright notice
if you like).

O Not

Since Python may define some pre-processor definitions which affect the standard headers on some systems, you
must include Python . h before any standard headers are included.

#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs instead
of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-parsing-
string-and-buffers for a description of this macro.

All user-visible symbols defined by Python.h have a prefix of Py or Py, except those defined in standard header
files. For convenience, and since they are used extensively by the Python interpreter, "Python.h" includes a few
standard header files: <stdio.h>, <string.h>, <errno.h>, and <stdlib.h>. If the latter header file does not
exist on your system, it declares the functions malloc (), free () and realloc () directly.

The next thing we add to our module file is the C function that will be called when the Python expression spam.
system(string) is evaluated (we’ll see shortly how it ends up being called):

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple (args, "s", &command))
return NULL;

sts = system(command) ;

return PylLong_FromLong (sts);

There is a straightforward translation from the argument list in Python (for example, the single expression "1s -1")
to the arguments passed to the C function. The C function always has two arguments, conventionally named self and
args.

The self argument points to the module object for module-level functions; for a method it would point to the object
instance.

The args argument will be a pointer to a Python tuple object containing the arguments. Each item of the tuple
corresponds to an argument in the call’s argument list. The arguments are Python objects — in order to do anything
with them in our C function we have to convert them to C values. The function PyArg_ParseTuple () in the Python
API checks the argument types and converts them to C values. It uses a template string to determine the required
types of the arguments as well as the types of the C variables into which to store the converted values. More about
this later.

PyArg_ParseTuple () returns true (nonzero) if all arguments have the right type and its components have been
stored in the variables whose addresses are passed. It returns false (zero) if an invalid argument list was passed. In
the latter case it also raises an appropriate exception so the calling function can return NULL immediately (as we saw
in the example).

6 Boliim 2. Uciincii taraf araclari olmadan uzantilar olusturma
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2.1.2 Intermezzo: Errors and Exceptions

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception condition and return an error value (usually -1 or a NULL pointer). Exception information is stored in
three members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise they are the
C equivalents of the members of the Python tuple returned by sys.exc_info (). These are the exception type,
exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

The Python API defines a number of functions to set various types of exceptions.

The most common one is PyErr_SetString (). Its arguments are an exception object and a C string. The exception
object is usually a predefined object like PyExc_ZeroDivisionError. The C string indicates the cause of the error
and is converted to a Python string object and stored as the “associated value” of the exception.

Another useful function is PyErr_SetFromErrno (), which only takes an exception argument and constructs the
associated value by inspection of the global variable errno. The most general function is PyErr_SetObject (),
which takes two object arguments, the exception and its associated value. You don’t need to Py_ INCREF () the objects
passed to any of these functions.

You can test non-destructively whether an exception has been set with PyErr_Occurred () . This returns the current
exception object, or NULL if no exception has occurred. You normally don’t need to call PyErr_Occurred () to see
whether an error occurred in a function call, since you should be able to tell from the return value.

When a function f that calls another function g detects that the latter fails, f should itself return an error value
(usually NULL or —1). It should not call one of the PyErr_* functions — one has already been called by g. f’s caller
is then supposed to also return an error indication to ifs caller, again without calling PyErr_*, and so on — the most
detailed cause of the error was already reported by the function that first detected it. Once the error reaches the
Python interpreter’s main loop, this aborts the currently executing Python code and tries to find an exception handler
specified by the Python programmer.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_*
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause infor-
mation about the cause of the error to be lost: most operations can fail for a variety of reasons.)

To ignore an exception set by a function call that failed, the exception condition must be cleared explicitly by calling
PyErr_ Clear (). The only time C code should call PyErr_Clear () isif it doesn’t want to pass the error on to the
interpreter but wants to handle it completely by itself (possibly by trying something else, or pretending nothing went
wrong).

Every failing malloc () call must be turned into an exception — the direct caller of malloc () (or realloc())
must call PyErr_NoMemory () and return a failure indicator itself. All the object-creating functions (for example,
PyLong_FromLong () ) already do this, so this note is only relevant to those who call malloc () directly.

Also note that, with the important exception of PyArg_ParseTuple () and friends, functions that return an integer
status usually return a positive value or zero for success and -1 for failure, like Unix system calls.

Finally, be careful to clean up garbage (by making Py_XDECREF () or Py_DECREF () calls for objects you have
already created) when you return an error indicator!

The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding to all built-in
Python exceptions, such as PyExc_ZzeroDivisionError, which you can use directly. Of course, you should choose
exceptions wisely — don't use PyExc_TypeError to mean that a file couldn't be opened (that should probably
be PyExc_OSError). If something’s wrong with the argument list, the PyArg_ParseTuple () function usually
raises PyExc_TypeError. If you have an argument whose value must be in a particular range or must satisfy other
conditions, PyExc_ValueError iS appropriate.

You can also define a new exception that is unique to your module. For this, you usually declare a static object variable
at the beginning of your file:

[static PyObject *SpamError;

and initialize it in your module’s initialization function (PyInit_spam () ) with an exception object:

2.1. Extending Python with C or C++ 7
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

SpamError = PyErr NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;

return m;

Note that the Python name for the exception object is spam.error. The PyErr_NewException () function may
create a class with the base class being Exception (unless another class is passed in instead of NULL), described in
bltin-exceptions.

Note also that the SpamError variable retains a reference to the newly created exception class; this is intentional!
Since the exception could be removed from the module by external code, an owned reference to the class is needed to
ensure that it will not be discarded, causing SpamError to become a dangling pointer. Should it become a dangling
pointer, C code which raises the exception could cause a core dump or other unintended side effects.

We discuss the use of PyMODINIT FUNC as a function return type later in this sample.

The spam.error exception can be raised in your extension module using a call to PyErr_SetString () as shown
below:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

if (sts < 0) {
PyErr_SetString(SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong(sts);

2.1.3 Back to the Example

Going back to our example function, you should now be able to understand this statement:

if (!PyArg_ParseTuple (args, "s", &command))
return NULL;

It returns NULL (the error indicator for functions returning object pointers) if an error is detected in the argument
list, relying on the exception set by PyArg_ParseTuple (). Otherwise the string value of the argument has been

8 Boliim 2. Uciincii taraf araclari olmadan uzantilar olusturma
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copied to the local variable command. This is a pointer assignment and you are not supposed to modify the string to
which it points (so in Standard C, the variable command should properly be declared as const char *command).

The next statement is a call to the Unix function system(), passing it the string we just got from
PyArg_ParseTuple():

[sts = system (command) ; }

Our spam.system() function must return the value of sts as a Python object. This is done using the function
PyLong_FromLong ().

[return PyLong_FromLong (sts) ; }

In this case, it will return an integer object. (Yes, even integers are objects on the heap in Python!)

If you have a C function that returns no useful argument (a function returning void), the corresponding Python
function must return None. You need this idiom to do so (which is implemented by the Py_RETURN_NONE macro):

Py_INCREF (Py_None) ;
return Py_None;

Py_None is the C name for the special Python object None. It is a genuine Python object rather than a NULL pointer,
which means “error” in most contexts, as we have seen.

2.1.4 The Module’s Method Table and Initialization Function

I promised to show how spam_system () is called from Python programs. First, we need to list its name and address
in a “method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,
"Execute a shell command."},

{NULL, NULL, 0, NULL} /* Sentinel */
bi

Note the third entry (METH_VARARGS). This is a flag telling the interpreter the calling convention to be used for
the C function. It should normally always be METH_VARARGS or METH_VARARGS | METH_KEYWORDS;a value of 0
means that an obsolete variant of PyArg_ParseTuple () is used.

When using only METH_VARARGS, the function should expect the Python-level parameters to be passed in as a tuple
acceptable for parsing via PyArg_ParseTuple () ; more information on this function is provided below.

The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In
this case, the C function should accept a third PyObject * parameter which will be a dictionary of keywords. Use
PyArg_ParseTupleAndKeywords () to parse the arguments to such a function.

The method table must be referenced in the module definition structure:

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* size of per—-interpreter state of the module,
or -1 if the module keeps state in global variables. */
SpamMethods

bi

This structure, in turn, must be passed to the interpreter in the module’s initialization function. The initialization
function must be named PyInit_name (), where name is the name of the module, and should be the only non-
static item defined in the module file:

2.1. Extending Python with C or C++ 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

Note that PyMODINIT_FUNC declares the function as PyObject * return type, declares any special linkage decla-
rations required by the platform, and for C++ declares the function as extern "C".

When the Python program imports module spam for the first time, PyInit_spam () is called. (See below for com-
ments about embedding Python.) It calls PyModule_Create (), which returns a module object, and inserts built-in
function objects into the newly created module based upon the table (an array of PyMethodDe £ structures) found in
the module definition. PyModule_Create () returns a pointer to the module object that it creates. It may abort with
a fatal error for certain errors, or return NULL if the module could not be initialized satisfactorily. The init function
must return the module object to its caller, so that it then gets inserted into sys.modules.

When embedding Python, the PyInit_spam() function is not called automatically unless there’s an entry in the
PyImport_Inittab table. To add the module to the initialization table, use PyImport_AppendInittab (), op-
tionally followed by an import of the module:

#define PY SSIZE T CLEAN
#include <Python.h>

int

main (int argc, char *argv([])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Add a built—-in module, before Py TInitialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

/* Pass argv[0] to the Python interpreter */
status = PyConfig_SetBytesString (&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
}
PyConfig_Clear (&configqg);

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

(sonraki sayfaya devam)

10 Boliim 2. Uciincii taraf araclari olmadan uzantilar olusturma
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(onceki sayfadan devam)

// ... use Python C API here ...
return 0O;
exception:

PyConfig_Clear (&config);
Py_ExitStatusException (status);

O Not

Removing entries from sys.modules or importing compiled modules into multiple interpreters within a pro-
cess (or following a fork () without an intervening exec () ) can create problems for some extension modules.
Extension module authors should exercise caution when initializing internal data structures.

A more substantial example module is included in the Python source distribution as Modules/xxmodule.c. This
file may be used as a template or simply read as an example.

O Not

Unlike our spam example, xxmodule uses multi-phase initialization (new in Python 3.5), where a PyModuleDef
structure is returned from PyInit_spam, and creation of the module is left to the import machinery. For details
on multi-phase initialization, see PEP 489.

2.1.5 Compilation and Linkage

There are two more things to do before you can use your new extension: compiling and linking it with the Python
system. If you use dynamic loading, the details may depend on the style of dynamic loading your system uses; see the
chapters about building extension modules (chapter Building C and C++ Extensions) and additional information that
pertains only to building on Windows (chapter Windows'ta C ve C++ Uzantilar: Olusturmak) for more information
about this.

If you can’t use dynamic loading, or if you want to make your module a permanent part of the Python interpreter,
you will have to change the configuration setup and rebuild the interpreter. Luckily, this is very simple on Unix: just
place your file (spammodule. c for example) in the Modules/ directory of an unpacked source distribution, add a
line to the file Modules/Setup.local describing your file:

[spam spammodule.o J

and rebuild the interpreter by running make in the toplevel directory. You can also run make in the Modules/
subdirectory, but then you must first rebuild Makefile there by running ‘make Makefile’. (This is necessary each
time you change the Setup file.)

If your module requires additional libraries to link with, these can be listed on the line in the configuration file as
well, for instance:

[spam spammodule.o —-1X11 }

2.1.6 Calling Python Functions from C

So far we have concentrated on making C functions callable from Python. The reverse is also useful: calling Python
functions from C. This is especially the case for libraries that support so-called “callback” functions. If a C interface
makes use of callbacks, the equivalent Python often needs to provide a callback mechanism to the Python program-
mer; the implementation will require calling the Python callback functions from a C callback. Other uses are also
imaginable.
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Fortunately, the Python interpreter is easily called recursively, and there is a standard interface to call a Python
function. (I won’t dwell on how to call the Python parser with a particular string as input — if you’re interested, have
a look at the implementation of the —c command line option in Modules/main.c from the Python source code.)

Calling a Python function is easy. First, the Python program must somehow pass you the Python function object.
You should provide a function (or some other interface) to do this. When this function is called, save a pointer to the
Python function object (be careful to Py_INCREF () it!) in a global variable — or wherever you see fit. For example,
the following function might be part of a module definition:

static PyObject *my_callback = NULL;

static PyObject *
my_set_callback (PyObject *dummy, PyObject *args)
{

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}

Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section
The Module’s Method Table and Initialization Function. The PyArg_ParseTuple () function and its arguments are
documented in section Extracting Parameters in Extension Functions.

The macros Py_XINCREF () and Py_XDECREF () increment/decrement the reference count of an object and are safe
in the presence of NULL pointers (but note that zemp will not be NULL in this context). More info on them in section
Reference Counts.

Later, when it is time to call the function, you call the C function PyObject_CallObject (). This function has
two arguments, both pointers to arbitrary Python objects: the Python function, and the argument list. The argument
list must always be a tuple object, whose length is the number of arguments. To call the Python function with no
arguments, pass in NULL, or an empty tuple; to call it with one argument, pass a singleton tuple. Py_Buildvalue ()
returns a tuple when its format string consists of zero or more format codes between parentheses. For example:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist = Py_BuildvValue (" (i)", arg);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

PyObject_CallObject () returns a Python object pointer: this is the return value of the Python func-
tion. PyObject_CallObject () is “reference-count-neutral” with respect to its arguments. In the examp-
le a new tuple was created to serve as the argument list, which is Py _DECREF () -ed immediately after the
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PyObject_CallObject () call

The return value of PyObject_CallObject () is “new”: either it is a brand new object, or it is an existing object
whose reference count has been incremented. So, unless you want to save it in a global variable, you should somehow
Py_DECREF () the result, even (especially!) if you are not interested in its value.

Before you do this, however, it is important to check that the return value isn’t NULL. If it is, the Python function
terminated by raising an exception. If the C code that called PyObject_CallObject () is called from Python, it
should now return an error indication to its Python caller, so the interpreter can print a stack trace, or the calling
Python code can handle the exception. If this is not possible or desirable, the exception should be cleared by calling
PyErr_Clear (). For example:

if (result == NULL)
return NULL; /* Pass error back */
..use result...
Py_DECREF (result) ;

Depending on the desired interface to the Python callback function, you may also have to provide an argument list to
PyObject_CallObject (). In some cases the argument list is also provided by the Python program, through the
same interface that specified the callback function. It can then be saved and used in the same manner as the function
object. In other cases, you may have to construct a new tuple to pass as the argument list. The simplest way to do this
is to call Py_Buildvalue (). For example, if you want to pass an integral event code, you might use the following
code:

PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

Note the placement of Py DECREF (arglist) immediately after the call, before the error check! Also note that
strictly speaking this code is not complete: Py_Buildvalue () may run out of memory, and this should be checked.

You may also call a function with keyword arguments by using PyObject_Call (), which supports arguments and
keyword arguments. As in the above example, we use Py_Buildvalue () to construct the dictionary.

PyObject *dict;

dict = Py_Buildvalue("{s:i}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 Extracting Parameters in Extension Functions

The PyArg_ParseTuple () function is declared as follows:

[int PyArg_ParseTuple (PyObject *arg, const char *format, ...); J

The arg argument must be a tuple object containing an argument list passed from Python to a C function. The format
argument must be a format string, whose syntax is explained in arg-parsing in the Python/C API Reference Manual.
The remaining arguments must be addresses of variables whose type is determined by the format string.
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Note that while PyArg_ParseTuple () checks that the Python arguments have the required types, it cannot check
the validity of the addresses of C variables passed to the call: if you make mistakes there, your code will probably
crash or at least overwrite random bits in memory. So be careful!

Note that any Python object references which are provided to the caller are borrowed references; do not decrement
their reference count!

Some example calls:

#define PY SSIZE_T CLEAN
#include <Python.h>

int ok;

int i, j;

long k, 1;
const char *s;

Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */

ok = PyArg_ParseTuple (args, "1l1ls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */

(sonraki sayfaya devam)
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(6nceki sayfadan devam)

/* Possible Python call: myfunction (1+23) */

2.1.8 Keyword Parameters for Extension Functions

The PyArg_ParseTupleAndKeywords () function is declared as follows:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);

The arg and format parameters are identical to those of the PyArg_ParseTuple () function. The kwdict parameter
is the dictionary of keywords received as the third parameter from the Python runtime. The kwlist parameter is a
NULL-terminated list of strings which identify the parameters; the names are matched with the type information
from format from left to right. On success, PyArg_ParseTupleAndKeywords () returns true, otherwise it returns
false and raises an appropriate exception.

O Not

Nested tuples cannot be parsed when using keyword arguments! Keyword parameters passed in which are not
present in the kwlist will cause TypeError to be raised.

Here is an example module which uses keywords, based on an example by Geoff Philbrick (philbrick @hks.com):

#define PY SSIZE_T CLEAN
#include <Python.h>

static PyObject *
keywdarg_parrot (PyObject *self, PyObject *args, PyObject *keywds)
{

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};

if (!PyArg ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;

printf ("-— This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);
printf ("-- Lovely plumage, the %s —-- It's %s!\n", type, state);

Py_RETURN_NONE;

static PyMethodDef keywdarg methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void(*) (void) )keywdarg_parrot, METH_VARARGS | METH_
—KEYWORDS,
"Print a lovely skit to standard output."},

(sonraki sayfaya devam)

2.1. Extending Python with C or C++ 15



mailto:philbrick@hks.com

Extending and Embedding Python, Yayim 3.14.0a2

{NULL, NULL, O, NULL} /* sentinel */
bi

static struct PyModuleDef keywdargmodule = {
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
bi

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

(6nceki sayfadan devam)

2.1.9 Building Arbitrary Values

This function is the counterpart to PyArg_ParseTuple (). It is declared as follows:

[PyObject *Py_BuildValue (const char *format, ...);

J

It recognizes a set of format units similar to the ones recognized by PyArg_ParseTuple (), but the arguments
(which are input to the function, not output) must not be pointers, just values. It returns a new Python object, suitable

for returning from a C function called from Python.

One difference with PyArg_ParseTuple () : while the latter requires its first argument to be a tuple (since Python
argument lists are always represented as tuples internally), Py_Buildvalue () does notalways build a tuple. It builds
a tuple only if its format string contains two or more format units. If the format string is empty, it returns None; if
it contains exactly one format unit, it returns whatever object is described by that format unit. To force it to return a

tuple of size O or one, parenthesize the format string.

Examples (to the left the call, to the right the resulting Python value):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_BuildvValue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py _Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def':
Py Buildvalue (" ((ii) (ii)) (i1i)",

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)),
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2.1.10 Reference Counts

In languages like C or C++, the programmer is responsible for dynamic allocation and deallocation of memory on
the heap. In C, this is done using the functions malloc () and free (). In C++, the operators new and delete are
used with essentially the same meaning and we’ll restrict the following discussion to the C case.

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory
by exactly one call to free (). It is important to call £ree () at the right time. If a block’s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called a
memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it creates
a conflict with reuse of the block through another malloc () call. This is called using freed memory. It has the same
bad consequences as referencing uninitialized data — core dumps, wrong results, mysterious crashes.

Common causes of memory leaks are unusual paths through the code. For instance, a function may allocate a block
of memory, do some calculation, and then free the block again. Now a change in the requirements for the function
may add a test to the calculation that detects an error condition and can return prematurely from the function. It’s
easy to forget to free the allocated memory block when taking this premature exit, especially when it is added later
to the code. Such leaks, once introduced, often go undetected for a long time: the error exit is taken only in a small
fraction of all calls, and most modern machines have plenty of virtual memory, so the leak only becomes apparent
in a long-running process that uses the leaking function frequently. Therefore, it’s important to prevent leaks from
happening by having a coding convention or strategy that minimizes this kind of errors.

Since Python makes heavy use of malloc () and free (), it needs a strategy to avoid memory leaks as well as the
use of freed memory. The chosen method is called reference counting. The principle is simple: every object contains
a counter, which is incremented when a reference to the object is stored somewhere, and which is decremented when
a reference to it is deleted. When the counter reaches zero, the last reference to the object has been deleted and the
object is freed.

An alternative strategy is called automatic garbage collection. (Sometimes, reference counting is also referred to as
a garbage collection strategy, hence my use of “automatic” to distinguish the two.) The big advantage of automatic
garbage collection is that the user doesn’t need to call free () explicitly. (Another claimed advantage is an impro-
vement in speed or memory usage — this is no hard fact however.) The disadvantage is that for C, there is no truly
portable automatic garbage collector, while reference counting can be implemented portably (as long as the functions
malloc () and free () are available — which the C Standard guarantees). Maybe some day a sufficiently portable
automatic garbage collector will be available for C. Until then, we’ll have to live with reference counts.

While Python uses the traditional reference counting implementation, it also offers a cycle detector that works to
detect reference cycles. This allows applications to not worry about creating direct or indirect circular references;
these are the weakness of garbage collection implemented using only reference counting. Reference cycles consist
of objects which contain (possibly indirect) references to themselves, so that each object in the cycle has a reference
count which is non-zero. Typical reference counting implementations are not able to reclaim the memory belonging
to any objects in a reference cycle, or referenced from the objects in the cycle, even though there are no further
references to the cycle itself.

The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run
the detector (the collect () function), as well as configuration interfaces and the ability to disable the detector at
runtime.

Reference Counting in Python

There are two macros, Py_INCREF (x) and Py_DECREF (x), which handle the incrementing and decrementing of
the reference count. Py_DECREF () also frees the object when the count reaches zero. For flexibility, it doesn’t call
free () directly — rather, it makes a call through a function pointer in the object’s type object. For this purpose (and
others), every object also contains a pointer to its type object.

The big question now remains: when to use Py_INCREF (x) and Py_DECREF (x) ? Let’s first introduce some terms.
Nobody “owns” an object; however, you can own a reference to an object. An object’s reference count is now defined
as the number of owned references to it. The owner of a reference is responsible for calling Py_DECREF () when the
reference is no longer needed. Ownership of a reference can be transferred. There are three ways to dispose of an
owned reference: pass it on, store it, or call Py_DECREF (). Forgetting to dispose of an owned reference creates a
memory leak.
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It is also possible to borrow” a reference to an object. The borrower of a reference should not call Py_DECREF ().
The borrower must not hold on to the object longer than the owner from which it was borrowed. Using a borrowed
reference after the owner has disposed of it risks using freed memory and should be avoided completely’.

The advantage of borrowing over owning a reference is that you don’t need to take care of disposing of the reference
on all possible paths through the code — in other words, with a borrowed reference you don’t run the risk of leaking
when a premature exit is taken. The disadvantage of borrowing over owning is that there are some subtle situations
where in seemingly correct code a borrowed reference can be used after the owner from which it was borrowed has
in fact disposed of it.

A borrowed reference can be changed into an owned reference by calling Py_INCREF (). This does not affect the
status of the owner from which the reference was borrowed — it creates a new owned reference, and gives full owner
responsibilities (the new owner must dispose of the reference properly, as well as the previous owner).

Ownership Rules

Whenever an object reference is passed into or out of a function, it is part of the function’s interface specification
whether ownership is transferred with the reference or not.

Most functions that return a reference to an object pass on ownership with the reference. In particular, all functions
whose function it is to create a new object, such as PyLong_FromLong () and Py_Buildvalue (), pass ownership
to the receiver. Even if the object is not actually new, you still receive ownership of a new reference to that object. For
instance, PyLong_FromLong () maintains a cache of popular values and can return a reference to a cached item.

Many functions that extract objects from other objects also transfer ownership with the reference, for instance
PyObject_GetAttrString (). The picture is less clear, here, however, since a few common routines are ex-
CeptionS: PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem(),and PyDict_GetItemString ()
all return references that you borrow from the tuple, list or dictionary.

The function PyImport_AddModule () also returns a borrowed reference, even though it may actually create the
object it returns: this is possible because an owned reference to the object is stored in sys.modules.

When you pass an object reference into another function, in general, the function borrows the reference from you —
if it needs to store it, it will use Py_INCREF () to become an independent owner. There are exactly two important
exceptions to this rule: PyTuple SetItem() and PyList_SetItem (). These functions take over ownership of
the item passed to them — even if they fail! (Note that PyDict_SetItem() and friends don’t take over ownership
— they are “normal.”)

When a C function is called from Python, it borrows references to its arguments from the caller. The caller owns a
reference to the object, so the borrowed reference’s lifetime is guaranteed until the function returns. Only when such a
borrowed reference must be stored or passed on, it must be turned into an owned reference by calling Py_INCREF () .

The object reference returned from a C function that is called from Python must be an owned reference — ownership
is transferred from the function to its caller.

Thin Ice

There are a few situations where seemingly harmless use of a borrowed reference can lead to problems. These all
have to do with implicit invocations of the interpreter, which can cause the owner of a reference to dispose of it.

The first and most important case to know about is using Py_DECREF () on an unrelated object while borrowing a
reference to a list item. For instance:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

PyList_SetItem(list, 1, PyLong_FromLong (0L));

(sonraki sayfaya devam)

2 The metaphor of “borrowing” a reference is not completely correct: the owner still has a copy of the reference.
3 Checking that the reference count is at least 1 does not work — the reference count itself could be in freed memory and may thus be reused
for another object!
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(onceki sayfadan devam)

PyObject_Print (item, stdout, 0); /* BUG! */

This function first borrows a reference to 1ist [0], then replaces 1ist [1] with the value 0, and finally prints the
borrowed reference. Looks harmless, right? But it’s not!

Let’s follow the control flow into PyList_SetItem (). The list owns references to all its items, so when item 1
is replaced, it has to dispose of the original item 1. Now let’s suppose the original item 1 was an instance of a
user-defined class, and let’s further suppose that the class defined a __del () method. If this class instance has a
reference count of 1, disposing of it will call its __del () method.

Since it is written in Python, the __del__ () method can execute arbitrary Python code. Could it perhaps do somet-
hing to invalidate the reference to item in bug () ? You bet! Assuming that the list passed into bug () is accessible
tothe _ del_ () method, it could execute a statement to the effect of del 1ist[0], and assuming this was the
last reference to that object, it would free the memory associated with it, thereby invalidating i tem.

The solution, once you know the source of the problem, is easy: temporarily increment the reference count. The
correct version of the function reads:

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;

PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);

Py_DECREF (item) ;

J

This is a true story. An older version of Python contained variants of this bug and someone spent a considerable
amount of time in a C debugger to figure out why his __del () methods would fail...

The second case of problems with a borrowed reference is a variant involving threads. Normally, multiple threads in
the Python interpreter can’t get in each other’s way, because there is a global lock protecting Python’s entire object
space. However, it is possible to temporarily release this lock using the macro Py_BEGIN_ALLOW_THREADS, and to
re-acquire it using Py_END_ALLOW_THREADS. This is common around blocking I/O calls, to let other threads use
the processor while waiting for the I/O to complete. Obviously, the following function has the same problem as the
previous one:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
Py END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL Pointers

In general, functions that take object references as arguments do not expect you to pass them NULL pointers, and will
dump core (or cause later core dumps) if you do so. Functions that return object references generally return NULL
only to indicate that an exception occurred. The reason for not testing for NULL arguments is that functions often
pass the objects they receive on to other function — if each function were to test for NULL, there would be a lot of
redundant tests and the code would run more slowly.

It is better to test for NULL only at the “source:” when a pointer that may be NULL is received, for example, from
malloc () or from a function that may raise an exception.
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The macros Py_INCREF () and Py_DECREF () do not check for NULL pointers — however, their variants
Py_XINCREF () and Py_XDECREF () do.

The macros for checking for a particular object type (Pytype_Check ()) don’t check for NULL pointers — again,
there is much code that calls several of these in a row to test an object against various different expected types, and
this would generate redundant tests. There are no variants with NULL checking.

The C function calling mechanism guarantees that the argument list passed to C functions (args in the examples) is
never NULL — in fact it guarantees that it is always a tuple®.

It is a severe error to ever let a NULL pointer “escape” to the Python user.

2.1.11 Writing Extensions in C++

It is possible to write extension modules in C++. Some restrictions apply. If the main program (the Python interpreter)
is compiled and linked by the C compiler, global or static objects with constructors cannot be used. This is not a
problem if the main program is linked by the C++ compiler. Functions that will be called by the Python interpreter
(in particular, module initialization functions) have to be declared using extern "C". It is unnecessary to enclose
the Python header filesin extern "C" {...} — they use this form already if the symbol __cplusplus is defined
(all recent C++ compilers define this symbol).

2.1.12 Providing a C API for an Extension Module

Many extension modules just provide new functions and types to be used from Python, but sometimes the code in
an extension module can be useful for other extension modules. For example, an extension module could implement
a type “collection” which works like lists without order. Just like the standard Python list type has a C API which
permits extension modules to create and manipulate lists, this new collection type should have a set of C functions
for direct manipulation from other extension modules.

At first sight this seems easy: just write the functions (without declaring them stat ic, of course), provide an approp-
riate header file, and document the C API. And in fact this would work if all extension modules were always linked
statically with the Python interpreter. When modules are used as shared libraries, however, the symbols defined in
one module may not be visible to another module. The details of visibility depend on the operating system; some
systems use one global namespace for the Python interpreter and all extension modules (Windows, for example),
whereas others require an explicit list of imported symbols at module link time (AIX is one example), or offer a
choice of different strategies (most Unices). And even if symbols are globally visible, the module whose functions
one wishes to call might not have been loaded yet!

Portability therefore requires not to make any assumptions about symbol visibility. This means that all symbols in
extension modules should be declared stat ic, except for the module’s initialization function, in order to avoid name
clashes with other extension modules (as discussed in section 7he Module’s Method Table and Initialization Function).
And it means that symbols that should be accessible from other extension modules must be exported in a different
way.

Python provides a special mechanism to pass C-level information (pointers) from one extension module to another
one: Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and
accessed via their C API, but they can be passed around like any other Python object. In particular, they can be
assigned to a name in an extension module’s namespace. Other extension modules can then import this module,
retrieve the value of this name, and then retrieve the pointer from the Capsule.

There are many ways in which Capsules can be used to export the C API of an extension module. Each function
could get its own Capsule, or all C API pointers could be stored in an array whose address is published in a Capsule.
And the various tasks of storing and retrieving the pointers can be distributed in different ways between the module
providing the code and the client modules.

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule New ()
takes a name parameter (const char*); youre permitted to pass in a NULL name, but we strongly encourage you
to specify a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to tell
one unnamed Capsule from another.

In particular, Capsules used to expose C APIs should be given a name following this convention:

4 These guarantees don’t hold when you use the “old” style calling convention — this is still found in much existing code.
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[modulename.attributename ]

The convenience function PyCapsule_TImport () makes it easy to load a C API provided via a Capsule, but only
if the Capsule’s name matches this convention. This behavior gives C API users a high degree of certainty that the
Capsule they load contains the correct C APL

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.

The exporting module is a modification of the spam module from section A Simple Example. The function spam.
system () does not call the C library function system () directly, but a function PySpam_System (), which would
of course do something more complicated in reality (such as adding “spam” to every command). This function
PySpam_System () is also exported to other extension modules.

The function PySpam_System () is a plain C function, declared static like everything else:

static int
PySpam_System(const char *command)
{

return system(command) ;

The function spam_system () is modified in a trivial way:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = PySpam_System (command) ;

return Pylong_FromLong (sts) ;

In the beginning of the module, right after the line

[#include <Python.h> }

two more lines must be added:

#define SPAM_MODULE
#include "spammodule.h"

The #define is used to tell the header file that it is being included in the exporting module, not a client module.
Finally, the module’s initialization function must take care of initializing the C API pointer array:

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;

m = PyModule_Create (&spammodule) ;

(sonraki sayfaya devam)
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if (m == NULL)
return NULL;

/* Initialize the C API pointer array */
PySpam_API [PySpam_System NUM] = (void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New((void *)PySpam_API, "spam. C_API", NULL);

if (PyModule_Add(m, " _C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

Note that PySpam_APT is declared static; otherwise the pointer array would disappear when PyInit_spam()
terminates!

The bulk of the work is in the header file spammodule.h, which looks like this:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H

#ifdef cplusplus
extern "C" {
#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

#else
/* This section is used in modules that use spammodule's API */

static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System RETURN (*)PySpam_System_ PROTO) PySpam_API [PySpam_System NUM] )

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/
static int
import_spam(void)
(sonraki sayfaya devam)
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PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) 2 0 : -1;

}

#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

All that a client module must do in order to have access to the function PySpam_System () is to call the function
(or rather macro) import_spam () in its initialization function:

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule) ;
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */

return m;

The main disadvantage of this approach is that the file spammodule.h is rather complicated. However, the basic
structure is the same for each function that is exported, so it has to be learned only once.

Finally it should be mentioned that Capsules offer additional functionality, which is especially useful for memory
allocation and deallocation of the pointer stored in a Capsule. The details are described in the Python/C API Reference
Manual in the section capsules and in the implementation of Capsules (files Include/pycapsule.hand Objects/
pycapsule. c in the Python source code distribution).

2.2 Defining Extension Types: Tutorial

Python allows the writer of a C extension module to define new types that can be manipulated from Python code,
much like the built-in str and 1ist types. The code for all extension types follows a pattern, but there are some
details that you need to understand before you can get started. This document is a gentle introduction to the topic.

2.2.1 The Basics

The CPython runtime sees all Python objects as variables of type PyObject *, which serves as a “base type” for all
Python objects. The Pyobject structure itself only contains the object’s reference count and a pointer to the object’s
“type object”. This is where the action is; the type object determines which (C) functions get called by the interpreter
when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another object.
These C functions are called “type methods”.

So, if you want to define a new extension type, you need to create a new type object.

This sort of thing can only be explained by example, so here’s a minimal, but complete, module that defines a new
type named Custom inside a C extension module custom:
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© Not

What we’re showing here is the traditional way of defining static extension types. It should be adequate for most
uses. The C API also allows defining heap-allocated extension types using the PyType_ FromSpec () function,
which isn’t covered in this tutorial.

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD
/* Type-specific fields go here. */

} CustomObject;

static PyTypeObject CustomType = {

bi

.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT,

.tp_new = PyType_GenericNew,

static PyModuleDef custommodule = {

bi

.m_base = PyModuleDef HEAD_ INIT,

.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

PyMODINIT_FUNC
PyInit_custom(void)

{

PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType)

Py_DECREF (m) ;
return NULL;

return m;

< 0)

{

Now that’s quite a bit to take in at once, but hopefully bits will seem familiar from the previous chapter. This file

defines three things:

1. What a custom object contains: this is the CustomObject struct, which is allocated once for each Custom

instance.

2. How the Custom type behaves: this is the CustomType struct, which defines a set of flags and function

pointers that the interpreter inspects when specific operations are requested.

24
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3. How toinitialize the cust om module: thisis the PyInit_custom function and the associated custommodule
struct.

The first bit is:

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and defines
a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these can be
accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract away the
layout and to enable additional fields in debug builds.

O Not

There is no semicolon above after the PyObject_ HEAD macro. Be wary of adding one by accident: some com-
pilers will complain.

Of course, objects generally store additional data besides the standard PyObject_HEAD boilerplate; for example,
here is the definition for standard Python floats:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

The second bit is the definition of the type object.

static PyTypeObject CustomType = {
.ob_base = PyVarObject_ HEAD_ INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

O Not

We recommend using C99-style designated initializers as above, to avoid listing all the PyTypeObject fields
that you don’t care about and also to avoid caring about the fields’ declaration order.

The actual definition of PyTypeObject in object . h has many more fields than the definition above. The remaining
fields will be filled with zeros by the C compiler, and it’s common practice to not specify them explicitly unless you
need them.

We're going to pick it apart, one field at a time:

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) }

This line is mandatory boilerplate to initialize the ob_base field mentioned above.

[.tp_name = "custom.Custom", J

The name of our type. This will appear in the default textual representation of our objects and in some error messages,
for example:
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>>> "" + custom.Custom ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is custom and the type is Custom, so we set the type name to custom. Custom. Using the
real dotted import path is important to make your type compatible with the pydoc and pickle modules.

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize is
only used for variable-sized objects and should otherwise be zero.

O Not

If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your type
firstinits __bases__, or else it will not be able to call your type’s __new__ () method without getting an error.
You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base type
does. Most of the time, this will be true anyway, because either your base type will be object, or else you will
be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT, J

All types should include this constant in their flags. It enables all of the members defined until at least Python 3.3. If
you need further members, you will need to OR the corresponding flags.

We provide a doc string for the type in tp_doc.

[.tpfdoc = PyDoc_STR("Custom objects"), }

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new__ (), but has to be specified explicitly. In this case, we can just use the default implementation provided
by the API function PyType_GenericNew ().

[.tp_new = PyType_GenericNew, ]

Everything else in the file should be familiar, except for some code in PyInit_custom():

return;

if (PyType_Ready (&CustomType) < 0) J

This initializes the Custom type, filling in a number of members to the appropriate default values, including ob_type
that we initially set to NULL.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

This adds the type to the module dictionary. This allows us to create Custom instances by calling the Custom class:

>>> import custom

>>> mycustom = custom.Custom /()
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That’s it! All that remains is to build it; put the above code in a file called custom.c,

[build-system]
requires = ["setuptools"]
build-backend = "setuptools.build_meta"

[project]
name = "custom"

version = "1"

in a file called pyproject.toml, and

from setuptools import Extension, setup

setup (ext_modules=[Extension ("custom", ["custom.c"])])

in a file called setup . py; then typing

[$ python -m pip install . }

in a shell should produce a file custom. so in a subdirectory and install it; now fire up Python — you should be able
to import custom and play around with Custom objects.

That wasn’t so hard, was it?

Of course, the current Custom type is pretty uninteresting. It has no data and doesn’t do anything. It can’t even be
subclassed.
2.2.2 Adding data and methods to the Basic example

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We'll
create a new module, custom2 that adds these capabilities:

#define PY SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->first == NULL) {

(sonraki sayfaya devam)
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Py_DECREF (self);
return NULL;

}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
&first, &last,
&self->number) )
return -1;

if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}

return 0O;

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

return PyUnicode_FromFormat ("%S %S", self->first, self->last);

(sonraki sayfaya devam)
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

This version of the module has a number of changes.

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

The object structure is updated accordingly:

typedef struct {
PyObject_HEAD
(sonraki sayfaya devam)
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PyObject *first; /* first name */
PyObject *last; /* last name */
int number;
} CustomObject;

Because we now have data to manage, we have to be more careful about object allocation and deallocation. At a
minimum, we need a deallocation method:

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

which is assigned to the tp_dealloc member:

[.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the case
where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_ free member
of the object’s type (computed by Py_TYPE (self)) to free the object’s memory. Note that the object’s type might
not be CustomType, because the object may be an instance of a subclass.

O Not

The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argu-
ment. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!

We want to make sure that the first and last names are initialized to empty strings, so we provide a tp_new imple-
mentation:

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

and install it in the tp_new member:
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[.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in Python
as the _ new__ () method. It is not required to define a tp_new member, and indeed many extension types will
simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this case, we use
the tp_new handler to initialize the first and last attributes to non-NULL default values.

tp_new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and any
arguments passed when the type was called, and is expected to return the instance created. tp_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to

initializer (a.k.a. tp_initinCor__init__ in Python) methods.

O Not

tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the tp_alloc slot to allocate memory:

[self = (CustomObject *) type->tp_alloc(type, 0);

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

O Not

We didn’t fill the tp_alloc slot ourselves. Rather PyType Ready () fills it for us by inheriting it from our base

class, which is object by default. Most types use the default allocation strategy.

O Not

If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__ () ), you must not
try to determine what method to call using method resolution order at runtime. Always statically determine what
type you are going to call, and call its tp_new directly, or via type->tp_base->tp_new. If you do not do
this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.

(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

We also define an initialization function which accepts arguments to provide initial values for our instance:

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&first, &last,
&self->number))
return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

(sonraki sayfaya devam)

2.2. Defining Extension Types: Tutorial

31




Extending and Embedding Python, Yayim 3.14.0a2

(6nceki sayfadan devam)
if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}

return 0O;

by filling the tp_init slot.

[.tpiinit = (initproc) Custom_init, }

The tp_init slotisexposed in Pythonasthe _init__ () method. It is used to initialize an object after it’s created.
Initializers always accept positional and keyword arguments, and they should return either 0 on success or -1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
default doesn’t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

But this would be risky. Our type doesn’t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the first member; or that destructor
could release the Global interpreter Lock and let arbitrary code run in other threads that accesses and modifies our
object.

To be paranoid and protect ourselves against this possibility, we almost always reassign members before decrementing
their reference counts. When don’t we have to do this?

« when we absolutely know that the reference count is greater than 1;

« when we know that deallocation of the object will neither release the GIL nor cause any calls back into our
type’s code;

» when decrementing a reference countin a tp_dealloc handler on a type which doesn’t support cyclic garbage
collection”.

We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is
to define member definitions:

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

and put the definitions in the tp_members slot:

! This is true when we know that the object is a basic type, like a string or a float.
2 We relied on this in the tp_dealloc handler in this example, because our type doesn’t support garbage collection.
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[.tp_members = Custom_members, ]

Each member definition has a member name, type, offset, access flags and documentation string. See the Generic
Attribute Management section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be assigned
to the Python attributes. We expect the first and last names to be strings, but any Python objects can be assigned.
Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can make sure the members
are initialized to non-NULL values, the members can be set to NULL if the attributes are deleted.

We define a single method, Custom. name (), that outputs the objects name as the concatenation of the first and last
names.

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

return PyUnicode_FromFormat ("%$S %S", self->first, self->last);

The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as
well, but in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument
dictionary. This method is equivalent to the Python method:

def name (self):
return " " % (self.first, self.last)

Note that we have to check for the possibility that our £irst and 1ast members are NULL. This is because they can
be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to restrict
the attribute values to be strings. We'll see how to do that in the next section.

Now that we’ve defined the method, we need to create an array of method definitions:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /* Sentinel */

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)

and assign it to the tp_methods slot:

[.tp_methods = Custom_methods, ]

Finally, we’ll make our type usable as a base class for subclassing. We've written our methods carefully so far so that
they don’t make any assumptions about the type of the object being created or used, so all we need to do is to add
the Py_TPFLAGS_BASETYPE to our class flag definition:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }
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We rename PyInit_custom() toPyInit_custom?2 (), update the module name in the PyModuleDef struct, and
update the full class name in the PyTypeObject struct.

Finally, we update our setup . py file to include the new module,

from setuptools import Extension, setup
setup (ext_modules=]|
Extension("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

and then we re-install so that we can import custom2:

[$ python -m pip install . }

2.2.3 Providing finer control over data attributes

In this section, we'll provide finer control over how the first and last attributes are set in the Custom example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

#define PY SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}

self->number = 0;

(sonraki sayfaya devam)
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return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))

return -1;

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0;

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)

{

return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_ SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return 0;

static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)

{
return Py_NewRef (self->last);

(sonraki sayfaya devam)
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static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom _getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

"last name", NULL},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

return PyUnicode_FromFormat ("$S %S", self->first, self->last);

}

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_ _dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom3",

(sonraki sayfaya devam)

36 Boliim 2. Uciincii taraf araclari olmadan uzantilar olusturma




Extending and Embedding Python, Yayim 3.14.0a2

bi

PyMODINIT_FUNC
PyInit_custom3 (void)

{

(6nceki sayfadan devam)

.m_doc = "Example module that creates an extension type.",

.m_size = -1,

PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

To provide greater control, over the first and last attributes, we'll use custom getter and setter functions. Here
are the functions for getting and setting the first attribute:

{

{

static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)

Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)

PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

The getter function is passed a Custom object and a “closure”, which is a void pointer. In this case, the closure is
ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This
could, for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set
based on data in the closure.)
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The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL, in
which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value
is not a string.

We create an array of PyGetSetDef structures:

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

and register it in the tp_getset slot:

[.tp_getset = Custom_getsetters, }

The last item in a PyGetSetDef structure is the “closure” mentioned above. In this case, we aren’t using a closure,
SO wWe just pass NULL.

We also remove the member definitions for these attributes:

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

i

We also need to update the tp_init handler to only allow strings® to be passed:

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))

return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return O;

3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts,
however, we accept instances of string subclasses. Even though deallocating normal strings won’t call back into our objects, we can’t guarantee
that deallocating an instance of a string subclass won’t call back into our objects.
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With these changes, we can assure that the first and 1ast members are never NULL so we can remove checks for
NULL values in almost all cases. This means that most of the Py_XDECREF () calls can be converted to Py_DECREF ()
calls. The only place we can’t change these calls is in the tp_dealloc implementation, where there is the possibility
that the initialization of these members failed in tp_new.

‘We also rename the module initialization function and module name in the initialization function, as we did before,
and we add an extra definition to the setup.py file.

2.2.4 Supporting cyclic garbage collection

Python has a cyclic garbage collector (GC) that can identify unneeded objects even when their reference counts are
not zero. This can happen when objects are involved in cycles. For example, consider:

>>> 1 = []
>>> 1.append (1)
>>> del 1

In this example, we create a list that contains itself. When we delete it, it still has a reference from itself. Its reference
count doesn’t drop to zero. Fortunately, Python’s cyclic garbage collector will eventually figure out that the list is
garbage and free it.

In the second version of the Custom example, we allowed any kind of object to be stored in the first or last att-
ributes*. Besides, in the second and third versions, we allowed subclassing Cust om, and subclasses may add arbitrary
attributes. For any of those two reasons, Custom objects can participate in cycles:

>>> import custom3
>>> class Derived (custom3.Custom) : pass

>>> n = Derived()

>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic GC,
our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

#define PY SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{

Py _VISIT(self->first);

Py_VISIT (self->last);

return O;

static int
Custom_clear (CustomObject *self)
{

Py_CLEAR (self->first);

(sonraki sayfaya devam)

4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary st r subclasses and therefore still create reference
cycles.
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Py_CLEAR(self->last);
return 0O;

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) —>tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))
return -1;

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0O;

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},

(sonraki sayfaya devam)
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{NULL} /* Sentinel */
bi

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)

{

return Py NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return O;

static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return 0O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *

(sonraki sayfaya devam)
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Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("$S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:
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static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret visit (self->first, argqg);
if (vret != 0)
return vret;

}
if (self->last) {
vret

visit (self->last, arg);
if (vret != 0)
return vret;
I3

return O;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the
traversal method. The visit () function takes as arguments the subobject and the extra argument arg passed to the
traversal method. It returns an integer value that must be returned if it is non-zero.

Python provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can minimize
the amount of boilerplate in Custom_traverse:

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

O Not

The tp_traverse implementation must name its arguments exactly visit and arg in order to use Py_VISIT ().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR (self->last);
return O;

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_XDECREF () instead on the attribute before
setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads the attribute
again (especially if there is a reference cycle).

O Not

You could emulate Py_CLEAR () by writing:
PyObject *tmp;
tmp = self->first;
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self->first = NULL;
Py_XDECREF (tmp) ;

Nevertheless, it is much easier and less error-prone to always use Py_CLEAR () when deleting an attribute. Don’t
try to micro-optimize at the expense of robustness!

The deallocator Cust om_dealloc may call arbitrary code when clearing attributes. It means the circular GC can be
triggered inside the function. Since the GC assumes reference count is not zero, we need to untrack the object from the
GC by calling PyObject_GC_UnTrack () before clearing members. Here is our reimplemented deallocator using
PyObject_GC_UnTrack()andCustom_cleaK

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) >tp_free ((PyObject *) self);

Finally, we add the py_TPFLAGS_HAVE_GC flag to the class flags:

[.tpiflags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC, }

That’s pretty much it. If we had written custom tp_alloc or tp_free handlers, we’'d need to modify them for cyclic
garbage collection. Most extensions will use the versions automatically provided.

2.2.5 Subclassing other types

It is possible to create new extension types that are derived from existing types. It is easiest to inherit from the built in
types, since an extension can easily use the Py TypeObject it needs. It can be difficult to share these PyTypeObject
structures between extension modules.

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be
completely compatible with regular lists, but will have an additional increment () method that increases an internal
counter:

>>> import sublist

>>> s = sublist.SubList (range (3))
>>> s.extend(s)

>>> print (len(s))

>>> print (s.increment ())

>>> print (s.increment ())

#define PY SSIZE_ T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

(sonraki sayfaya devam)
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self->statet++;
return PyLong_ FromLong (self->state);

}

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

bi

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0;

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "sublist",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

m = PyModule_Create (&sublistmodule) ;
if (m == NULL)
return NULL;

(6nceki sayfadan devam)

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;
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As you can see, the source code closely resembles the Custom examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

The primary difference for derived type objects is that the base type’s object structure must be the first value. The
base type will already include the PyObject HEAD () at the beginning of its structure.

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;

We see above how to call through tothe __init__ () method of the base type.

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The tp_new handler
should not actually create the memory for the object with its tp_alloc, but let the base class handle it by calling its
own tp_new.

The PyTypeObject struct supports a tp_base specifying the type’s concrete base class. Due to cross-platform
compiler issues, you can’t fill that field directly with a reference to PyList_Type; it should be done later in the
module initialization function:

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

m = PyModule_Create (&sublistmodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

Before calling PyType_Ready (), the type structure must have the tp_base slot filled in. When we are deriving
an existing type, it is not necessary to fill out the tp_alloc slot with PyType_GenericNew () - the allocation
function from the base type will be inherited.

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.
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2.3 Defining Extension Types: Assorted Topics

This section aims to give a quick fly-by on the various type methods you can implement and what they do.

Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */
Py _ssize_t tp_weaklistoffset;

/* Iterators */

(sonraki sayfaya devam)
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getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

Now that’s a lor of methods. Don’t worry too much though - if you have a type you want to define, the chances are

very good that you will only implement a handful of these.

As you probably expect by now, we're going to go over this and give more information about the various handlers.
We won'’t go in the order they are defined in the structure, because there is a lot of historical baggage that impacts
the ordering of the fields. It’s often easiest to find an example that includes the fields you need and then change the

values to suit your new type.

[const char *tp_name; /* For printing */

)

The name of the type — as mentioned in the previous chapter, this will appear in various places, almost entirely for

diagnostic purposes. Try to choose something that will be helpful in such a situation!

[nyssizeft tp_basicsize, tp_itemsize; /* For allocation */

)

These fields tell the runtime how much memory to allocate when new objects of this type are created. Python has
some built-in support for variable length structures (think: strings, tuples) which is where the tp_itemsize field

comes in. This will be dealt with later.

[const char *tp_doc;

Here you can put a string (or its address) that you want returned when the Python script references ob3j.__ doc

to retrieve the doc string.
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Now we come to the basic type methods — the ones most extension types will implement.

2.3.1 Finalization and De-allocation

[destructor tp_dealloc; }

This function is called when the reference count of the instance of your type is reduced to zero and the Python
interpreter wants to reclaim it. If your type has memory to free or other clean-up to perform, you can put it here. The
object itself needs to be freed here as well. Here is an example of this function:

static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj)—>tp_free ((PyObject *)obj);

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack () before clearing any
member fields:

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

Py_TYPE (obj) —>tp_free ((PyObject *)obj);

One important requirement of the deallocator function is that it leaves any pending exceptions alone. This is important
since deallocators are frequently called as the interpreter unwinds the Python stack; when the stack is unwound due to
an exception (rather than normal returns), nothing is done to protect the deallocators from seeing that an exception has
already been set. Any actions which a deallocator performs which may cause additional Python code to be executed
may detect that an exception has been set. This can lead to misleading errors from the interpreter. The proper way
to protect against this is to save a pending exception before performing the unsafe action, and restoring it when done.
This can be done using the PyErr_Fetch () and PyErr_Restore () functions:

static void

my_dealloc (PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

/* This restores the saved exception state */
PyErr_Restore (err_type, err_value, err_traceback);

(sonraki sayfaya devam)

2.3. Defining Extension Types: Assorted Topics 49



Extending and Embedding Python, Yayim 3.14.0a2

(6nceki sayfadan devam)
Py_DECREF (self->my_callback) ;

}
Py_TYPE (obj) —>tp_free ((PyObject*)self);

O Not

There are limitations to what you can safely do in a deallocator function. First, if your type supports garbage
collection (using tp_traverse and/or tp_clear), some of the object’s members can have been cleared or
finalized by the time tp_dealloc is called. Second, in tp_dealloc, your object is in an unstable state: its
reference count is equal to zero. Any call to a non-trivial object or API (as in the example above) might end up
calling tp_dealloc again, causing a double free and a crash.

Starting with Python 3.4, it is recommended not to put any complex finalization code in tp_dealloc, and
instead use the new tp_finalize type method.

¢ Ayrica bakimz

PEP 442 explains the new finalization scheme.

2.3.2 Object Presentation

In Python, there are two ways to generate a textual representation of an object: the repr () function, and the str ()
function. (The print () function just calls st r ().) These handlers are both optional.

reprfunc tp_repr;
reprfunc tp_str;

The tp_repr handler should return a string object containing a representation of the instance for which it is called.
Here is a simple example:

static PyObject *
newdatatype_repr (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

J

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s tp_name and a
uniquely identifying value for the object.

The tp_str handler is to st r () what the tp_repr handler described above is to repr () ; that is, it is called when
Python code calls str () on an instance of your object. Its implementation is very similar to the tp_repr function,
but the resulting string is intended for human consumption. If tp_str is not specified, the tp_repr handler is used
instead.

Here is a simple example:

static PyObject *
newdatatype_str (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
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2.3.3 Attribute Management

For every object which can support attributes, the corresponding type must provide the functions that control how the
attributes are resolved. There needs to be a function which can retrieve attributes (if any are defined), and another to
set attributes (if setting attributes is allowed). Removing an attribute is a special case, for which the new value passed
to the handler is NULL.

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject*. Each type can use whichever pair makes more sense for the implementation’s convenience.

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% ooo ¥/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic
implementations which can be used to provide the PyObject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.

Generic Attribute Management

Most extension types only use simple attributes. So, what makes the attributes simple? There are only a couple of
conditions that must be met:

1. The name of the attributes must be known when PyType_Ready () is called.

2. No special processing is needed to record that an attribute was looked up or set, nor do actions need to be taken
based on the value.

Note that this list does not place any restrictions on the values of the attributes, when the values are computed, or
how relevant data is stored.

When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors which are
placed in the dictionary of the type object. Each descriptor controls access to one attribute of the instance object.
Each of the tables is optional; if all three are NULL, instances of the type will only have attributes that are inherited
from their base type, and should leave the tp_getattro and tp_setattro fields NULL as well, allowing the base
type to handle attributes.

The tables are declared as three fields of the type object:

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

If tp_methods is not NULL, it must refer to an array of PyMethodDef structures. Each entry in the table is an
instance of this structure:

typedef struct PyMethodDef ({

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

J

One entry should be defined for each method provided by the type; no entries are needed for methods inherited from
a base type. One additional entry is needed at the end; it is a sentinel that marks the end of the array. The m1_name
field of the sentinel must be NULL.

The second table is used to define attributes which map directly to data stored in the instance. A variety of primitive
C types are supported, and access may be read-only or read-write. The structures in the table are defined as:

2.3. Defining Extension Types: Assorted Topics 51



Extending and Embedding Python, Yayim 3.14.0a2

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The type field should contain a type code like Py_T_INT or Py_T_DOUBLE; the value
will be used to determine how to convert Python values to and from C values. The £1ags field is used to store flags
which control how the attribute can be accessed: you can set it to Py_ READONLY to prevent Python code from setting
it.

An interesting advantage of using the tp_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
can use the introspection API to retrieve the descriptor from the class object, and get the doc string using its __doc___
attribute.

As with the tp_methods table, a sentinel entry with a m1_name value of NULL is required.

Type-specific Attribute Management

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only dif-
ference between the char* and PyObject* flavors of the interface. This example effectively does the same thing
as the generic example above, but does not use the generic support added in Python 2.2. It explains how the handler
functions are called, so that if you do need to extend their functionality, you’ll understand what needs to be done.

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same situations
where the __getattr__ () method of a class would be called.

Here is an example:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong (obj->data) ;

PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name) ;

return NULL;

J

The tp_setattr handler is called when the __setattr__ () or __delattr__ () method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that
simply raises an exception; if this were really all you wanted, the tp_setattr handler should be set to NULL.

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: $%s", name);
return -1;
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2.3.4 Object Comparison

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the rich comparison met-
hods, like __ 1t (), and also called by PyObject_RichCompare () and PyObject_RichCompareBool ().

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py NE,Py LE,Py GE,Py LTorPy_GT.Itshould compare the two objects with respect to the specified operator and
return Py_True Or Py_False if the comparison is successful, Py_NotImplemented to indicate that comparison
is not implemented and the other object’s comparison method should be tried, or NULL if an exception was set.

Here is a sample implementation, for a datatype that is considered equal if the size of an internal pointer is equal:

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{

PyObject *result;

int ¢, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
}

result = ¢ ? Py _True : Py False;

Py_INCREF (result);
return result;

2.3.5 Abstract Protocol Support

Python supports a variety of abstract ‘protocols;’ the specific interfaces provided to use these interfaces are docu-
mented in abstract.

A number of these abstract interfaces were defined early in the development of the Python implementation. In par-
ticular, the number, mapping, and sequence protocols have been part of Python since the beginning. Other protocols
have been added over time. For protocols which depend on several handler routines from the type implementation,
the older protocols have been defined as optional blocks of handlers referenced by the type object. For newer pro-
tocols there are additional slots in the main type object, with a flag bit being set to indicate that the slots are present
and should be checked by the interpreter. (The flag bit does not indicate that the slot values are non-NULL. The flag
may be set to indicate the presence of a slot, but a slot may still be unfilled.)

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

If you wish your object to be able to act like a number, a sequence, or a mapping object, then you place the address
of a structure that implements the C type PyNumberMethods, PySequenceMethods, Oor PyMappingMethods,
respectively. It is up to you to fill in this structure with appropriate values. You can find examples of the use of each
of these in the Objects directory of the Python source distribution.
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[hashfunc tp_hash;

1

This function, if you choose to provide it, should return a hash number for an instance of your data type. Here is a
simple example:

{

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;

return result;

Py_hash_t is a signed integer type with a platform-varying width. Returning -1 from tp_hash indicates an error,

which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

[ternaryfunc tp_call;

This function is called when an instance of your data type is “called”, for example, if obj1 is an instance of your data

type and the Python script contains obj1 ('hello'), the tp_call handler is invoked.

This function takes three arguments:

1. self is the instance of the data type which is the subject of the call. If the call is obj1 ('hello'), then self is
objl.

2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the argu-

ments.

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support keyword

arguments, use PyArg_ParseTupleAndKeywords () to extract the arguments. If you do not want to support
keyword arguments and this is non-NULL, raise a TypeError with a message saying that keyword arguments

are not supported.

Here is a toy tp_call implementation:

static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) |
return NULL;

}

result = PyUnicode_FromFormat (
"Returning —- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj—>obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;
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These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and
return NULL. tp_iter corresponds to the Python __iter_ () method, while tp_iternext corresponds to the
Python _ next__ () method.

Any iferable object must implement the tp_iter handler, which must return an iferafor object. Here the same
guidelines apply as for Python classes:

« For collections (such as lists and tuples) which can support multiple independent iterators, a new iterator should
be created and returned by each call to tp_iter.

« Objects which can only be iterated over once (usually due to side effects of iteration, such as file objects) can
implement tp_iter by returning a new reference to themselves — and should also therefore implement the
tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. An iterator’s tp_iter handler should
return a new reference to the iterator. Its tp_iternext handler should return a new reference to the next object in
the iteration, if there is one. If the iteration has reached the end, tp_iternext may return NULL without setting
an exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can yield slightly
better performance. If an actual error occurs, tp_iternext should always set an exception and return NULL.

2.3.6 Weak Reference Support

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak reference
mechanism without incurring the overhead on performance-critical objects (such as numbers).

¢ Ayrica bakimz

Documentation for the weakref module.

For an object to be weakly referenceable, the extension type must set the Py_TPFLAGS_MANAGED_WEAKREF bit of
the tp_flags field. The legacy tp_weaklistoffset field should be left as zero.

Concretely, here is how the statically declared type object would look:

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
bi

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs ()):

static void

Trivial dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self)->tp_free ((PyObject *) self);

2.3.7 More Suggestions

In order to learn how to implement any specific method for your new data type, get the CPython source code.
Go to the Objects directory, then search the C source files for tp_ plus the function you want (for example,
tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the
PyObject_TypeCheck () function. A sample of its use might be something like the following:
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if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

¢ Ayrica bakimz

Download CPython source releases.
https://www.python.org/downloads/source/

The CPython project on GitHub, where the CPython source code is developed.
https://github.com/python/cpython

2.4 Building C and C++ Extensions
A C extension for CPython is a shared library (e.g. a .so file on Linux, .pyd on Windows), which exports an
initialization function.

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using setuptools, the correct filename is generated automatically.

The initialization function has the signature:

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

For modules with ASCII-only names, the function must be named PyInit_<modulename>, with <modulename>
replaced by the name of the module. When using multi-phase-initialization, non-ASCII module names are allowed.
In this case, the initialization function name is PyInitU_<modulename>, with <modulename> encoded using
Python’s punycode encoding with hyphens replaced by underscores. In Python:

def initfunc_name (name) :
try:
suffix = b' ' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-', b'_")

return b'PyInit' + suffix

It is possible to export multiple modules from a single shared library by defining multiple initialization functions.
However, importing them requires using symbolic links or a custom importer, because by default only the function
corresponding to the filename is found. See the “Multiple modules in one library” section in PEP 489 for details.

2.4.1 Building C and C++ Extensions with setuptools

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
//setuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions
with setuptools.

2.5 Windows’ta C ve C++ Uzantilari Olusturmak

Bu boliim, Microsoft Visual C++ kullanarak Python igin bir Windows uzanti modiiliintin nasil olusturulacagin kisa-
ca aciklar ve nasil ¢alistifina dair daha ayrintili arka plan bilgileri ile devam eder. A¢iklayict materyal, hem Python
uzantilar1 olusturmay1 6grenen Windows programcist hem de Windows iizerinde bagarili bir sekilde yazilim olustu-
rulabilen ve yazilim iiretmekle ilgilenen Unix programcist i¢in yararhdir.
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Modiil yazarlari, bu bolimde aciklanan yaklasim yerine, uzant1 modiilleri olugturmak i¢in distutils yaklagimini kul-
lanmalar1 6nerilir. Yine de Python’'u olusturmak icin kullanilan C derleyicisine ihtiyaciniz olacaktir; tipik olarak
Microsoft Visual C++.

O Not

Bu boliimde, kodlanmig bir Python siiriim numarasi iceren bir dizi dosya adindan bahsedilmektedir. Bu dosya
adlar1 xy olarak gosterilen siiriim numarasi ile temsil edilir; pratikte, 'x ' biiyiik siiriim numarasi ve 'vy' ¢alisti-
gimz Python siiriimiiniin kiiciik siiriim numarasi olacaktir. Ornegin, Python 2.2.1 kullaniyorsaniz, XY aslinda 22
olacaktir.

2.5.1 Bir Yemek Kitabi Yaklagimi

Unix’te oldugu gibi Windows'ta da uzant1 modiilleri olugturmak i¢in iki yaklasim vardir: olusturma islemini kontrol
etmek icin setuptools paketini kullanin veya igleri manuel olarak yapin. Setuptools yaklagimi ¢cogu uzant1 igin iyi
calisir; uzant1 modiillerini olusturmak ve paketlemek icin setuptools kullamimina iligkin belgeler Building C and
C++ Extensions with setuptools i¢inde mevcuttur. Eger igleri gercekten elle yapmaniz gerektigini diisiiniiyorsaniz,
winsound standart kiitiiphane modiilii icin proje dosyasini incelemek 6gretici olabilir.

2.5.2 Unix ve Windows Arasindaki Farklar

Unix ve Windows, kodun ¢aligma zamaninda yiiklenmesi i¢in tamamen farkli paradigmalar kullanir. Dinamik olarak
yiiklenebilen bir modiil olusturmaya caligmadan 6nce, sisteminizin nasil ¢aligtiginin farkinda olun.

Unix’te, paylasilan bir nesne (.so) dosyasi, program tarafindan kullanilacak kodu ve ayrica programda bulmayi
bekledigi islevlerin ve verilerin adlarini icerir. Dosya programa eklendiginde, dosyanin kodundaki bu islevlere ve ve-
rilere yapilan tiim referanslar, programdaki iglevlerin ve verilerin bellege yerlestirildigi ger¢cek konumlar1 gosterecek
sekilde degistirilir. Bu temelde bir baglant1 iglemidir.

Windows’ta, bir dinamik baglanti kitaplig1 (. d11) dosyasinda sarkan referanslar yoktur. Bunun yerine, iglevlere veya
verilere erigim bir arama tablosundan gecer. Dolayistyla, DLL kodunun programin bellegine bagvurmak icin ¢alis-
ma zamaninda diizeltilmesi gerekmez; bunun yerine, kod zaten DLL’'nin arama tablosunu kullanir ve arama tablosu
calisma zamaninda islevlere ve verilere igaret edecek sekilde degistirilir.

Unixte, birka¢ nesne dosyasindan (. o) kod igeren yalnizca bir tiir kiitiiphane dosyasi (. a) vardir. Paylagilan bir nesne
dosyast (. so) olusturmak i¢in baglant1 adimu sirasinda, baglayici bir tanimlayicinin nerede tanimlandigini bilmedigini
fark edebilir. Baglayic1 bunu kiitiiphanelerdeki nesne dosyalarinda arayacaktir; bulursa, o nesne dosyasindaki tim
kodu dahil edecektir.

Windows'ta iki tiir kiitiiphane vardir: statik kiittiphane ve ice aktarma kiittiphanesi (her ikisi de . 1ib olarak adlan-
dirilir). Statik kiitiiphane Unix . a dosyasi gibidir; gerektiginde dahil edilecek kodu icerir. Bir ige aktarma kitapligi
temel olarak yalnizca baglayiciya belirli bir tanimlayicinin yasal oldugu ve DLL yiiklendiginde programda buluna-
cag1 konusunda giivence vermek i¢in kullanilir. Boylece baglayici, DLL'de bulunmayan tanimlayicilar: kullanmak
tizere arama tablosunu olugturmak i¢in i¢e aktarma kitapligindaki bilgileri kullanir. Bir uygulama veya DLL baglan-
diginda, uygulama veya DLL’deki sembollere bagh olan gelecekteki tiim DLL’ler i¢in kullanilmast gereken bir ice
aktarma kitaplig1 olusturulabilir.

Bagka bir A kod blogunu paylasmasi gereken B ve C olmak iizere iki dinamik yiikleme modiilii olusturdugunuzu
varsayalim. Unix’te B. so ve C. so i¢in A. a dosyasin baglayictya aktarmazsiniz; bu, iki kez dahil edilmesine neden
olur, boylece B ve C’nin her biri kendi kopyasina sahip olur. Windows’ta, A . d11 dosyasint olusturmak ayni zamanda
A.1ib dosyasini da olusturacaktir. B ve C i¢in baglayiciya A. 1ib dosyasini gegirirsiniz. A. 1ib kod icermez; sadece
caligma zamaninda A'nin koduna erismek icin kullanilacak bilgileri igerir.

Windows’ta, bir ice aktarma kiitiiphanesi kullanmak import spam kullanmak gibidir; spam’in adlarina erismenizi
saglar, ancak ayr1 bir kopya olusturmaz. Unix’te, bir kiitiiphane ile baglant1 kurmak daha cok from spam import
* gibidir; ayr1 bir kopya olusturur.
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2.5.3 DLL’leri Uygulamada Kullanma

Windows Python Microsoft Visual C++ ile olusturulmustur; diger derleyicileri kullanmak ise yarayabilir veya yara-
mayabilir. Bu boliimiin geri kalant MSVC++7a 6zeldir.

Windows'ta DLL olustururken, baglayiclya pythonxy.1ib komutunu gegirmelisiniz. iki DLL olusturmak igin,
spam ve ni (spam i¢inde bulunan C fonksiyonlarini kullanir), su komutlar1 kullanabilirsiniz:

cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

Ik komut ii¢ dosya olusturdu: spam.obj, spam.dll ve spam.lib. Spam.dl1 herhangi bir Python fonksiyonu
icermiyor (6rnegin PyArg_ParseTuple () ), ancak pythonXY.1ib sayesinde Python kodunu nasil bulacagini bi-
liyor.

Ikinci komut, spam’den ve ayrica Python calistirilabilir dosyasindan gerekli iglevleri nasil bulacagim bilen ni.d11
(ve .obj ve .1lib) olusturdu.

Her tanimlayic1 arama tablosuna aktarilmaz. Diger modiillerin (Python dahil) tanimlayicilarinizi gormesini
istiyorsaniz, void _declspec(dllexport) initspam(void) veya PyObject _declspec(dllexport)
*NiGetSpamData (void) gibi _declspec (dllexport) demeniz gerekir.

Developer Studio, gercekten ihtiyaciniz olmayan bir¢ok ice aktarma kiitiiphanesi ekleyerek caligtirilabilir dosyaniza
yaklagik 100K kiitiiphane ekleyecektir. Bunlardan kurtulmak i¢in Proje Ayarlari iletisim kutusunu, Baglanti sekme-
sini kullanarak varsayilan kiitiiphaneleri yoksay secenegini belirleyin. Kiitiiphaneler listesine dogru msvertxx.1ib
dosyasini ekleyin.
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BOLOM 3

CPython calisma zamanini daha buyUk bir uygulamaya gdmme

Bazen, ana uygulama olarak Python yorumlayicisinin iginde ¢alisan bir uzant: olusturmak yerine, bunun yerine CPyt-
hon calisma zamanini daha biiyiik bir uygulamanin igine gdmmek tercih edilir. Bu boliim, bunu bagarili bir sekilde
yapmakla ilgili bazi1 ayrintilari icerir.

3.1 Python’i Baska Bir Uygulamaya Gomme

Onceki boliimlerde Python’un nasil genisletilecegi, yani Pythona bir C fonksiyonlar1 kitaplig1 ekleyerek Python’'un
islevselliginin nasil genigletilecegi tartisildi. Bunu ayrica tam tersi sekilde de yapmak miimkiindiir: Python'u igine
gomerek C/C++ uygulamanizi zenginlestirin. Gomme iglemi, uygulamaniza bazi iglevlerini C veya C++ yerine Pyt-
hon’da uygulama yetenegi saglar. Bu bir¢ok amac icin kullanilabilir; bir 6rnek olarak kullanicilarin Python’da bazi
komut dosyalar1 yazarak uygulamayi ihtiyaglarina gore uyarlamalarina izin vermek olabilir. Baz1 islevler Python’da
daha kolay yazilabilecekse kendiniz de kullanabilirsiniz.

Python'u gommek, onu genigletmeye benzer, ancak tam olarak degil. Aralarindaki farksa Python’u genislettiginizde,
uygulamanin ana programinin hala Python yorumlayicisi olmasi; Python'u gomerseniz, ana programin Python ile
higbir ilgisi olmayabilmesidir — bunun yerine, uygulamanin bazi boliimleri bazi Python kodlarini ¢aligtirmak icin
zaman zaman Python yorumlayicisini ¢agirir.

Yani Python’u gomiiyorsaniz, kendi ana programinizi sagliyorsunuz demektir. Bu ana programin yapmasi gereken
seylerden biri Python yorumlayicisint baglatmaktir. En azindan Py_Initialize () fonksiyonunu ¢agirmalisiniz.
Pythona komut satir1 argiimanlarini iletmek i¢in opsiyonel ¢agrilar vardir. Daha sonra uygulamanin herhangi bir
yerinden yorumlayiciy1 ¢cagirabilirsiniz.

Yorumlayiciy: ¢agirmanin birkag farkli yolu vardir: Python deyimlerini iceren bir dizeyi PyRun_SimpleString ()
0gesine veya bir stdio dosya isaretgisini ve bir dosya adimi (yalmizca hata mesajlarinda tanimlama icin)
PyRun_SimpleFile () ‘ailetebilirsiniz. Python nesnelerini olusturmak ve kullanmak i¢in 6nceki boliimlerde agik-
lanan alt diizey iglemleri de ¢agirabilirsiniz.

¢ Ayrica bakimz

c-api-index
Python’un C arayliiziiniin detaylar1 bu kilavuzda verilmigtir. Cok sayida gerekli bilgi burada bulunabilir.
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3.1.1 Cok Ust Diizey Gomme

Python’u gobmmenin en basit sekli, ¢ok yiiksek seviyeli arayiiziin kullanilmasidir. Bu arabirim, uygulamayla dogrudan
etkilesime girmeye gerek kalmadan bir Python betigi yiiriitmeyi amaglamaktadir. Bu 6rnek olarak bir dosya iizerinde
baz1 iglemler gerceklestirmek igin kullanilabilir.

#define PY SSIZE_T_ CLEAN
#include <Python.h>

int

main (int argc, char *argv[])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

/* optional but recommended */
status = PyConfig_ SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) A

goto exception;

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig Clear (&configqg);

PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx () < 0) {
exit (120);
}

return 0O;

exception:
PyConfig_Clear (&config);
Py_ExitStatusException (status);

O Not

#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs instead
of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-parsing-
string-and-buffers for a description of this macro.

Setting PyConfig.program_name should be called before Py_InitializeFromConfig () toinform the interp-
reter about paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize (),
followed by the execution of a hard-coded Python script that prints the date and time. Afterwards, the
Py_FinalizeEx () call shuts the interpreter down, followed by the end of the program. In a real program, you
may want to get the Python script from another source, perhaps a text-editor routine, a file, or a database. Getting
the Python code from a file can better be done by using the PyRun_SimpleFile () function, which saves you the
trouble of allocating memory space and loading the file contents.
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3.1.2 Cok Yiiksek Diizeyde Gommenin Otesinde: Genel Bir Bakis

Yiiksek seviyeli arayiiz size uygulamanizdan rastgele Python kodu pargalarini yiiriitme yetenegi verir, ancak veri de-
gerleri aligverisi en hafif tabirle oldukca zahmetlidir. Bunu istiyorsaniz, daha diistik seviyeli aramalar kullanmalisiniz.
Daha fazla C kodu yazmak zorunda kalma pahasina neredeyse her seyi basarabilirsiniz.

Farkli amaglara ragmen Python'u genisletmek ve Python'u gmmek tamamen ayni aktivitedir. Onceki boliimlerde
tartisilan konularin ¢ogu hala gegerlidir. Bunu gostermek igin Python’dan C’ye uzanti kodunun gercekten ne yaptigini
diigtiniin:

1. Veri degerlerini Python'dan C’ye cevirin,
2. Cevrilen degerleri kullanarak bir C rutinine bir fonksiyon ¢agrist yapin, ve
3. Cagridaki veri degerlerini C’den Python’a cevirin.
Python’u yerlestirirken, araytiz kodu sunlar1 yapar:
1. Veri degerlerini C’den Python’a ¢evirin,
2. Cevrilen degerleri kullanarak bir Python arabirim rutinine bir fonksiyon ¢agris1 gerceklestirin ve
3. Cagridaki veri degerlerini C’den Python’a doniigtiirtin.

Gordiigiiniiz gibi, veri dontistiirme adimlari, diller arasi aktarimin farkli yoniine uyum saglamak i¢in basitce degisti-
rilir. Tek fark, her iki veri dontigtimii arasinda cagirdiginiz rutindir. Uzatirken C rutini ¢agirirsiniz, gomerken Python
rutini ¢agirirsiniz.

Bu boliim, verilerin Python’dan C’ye nasil doniistiirtilecegini ve bunun tam tersini tartismayacaktir. Ayrica, referans-
larin dogru kullanimi1 ve hatalarin ele alinmasinin anlagildig1 varsayilmaktadir. Bu hususlar, yorumlayicinin genisle-
tilmesinden farkli olmadig icin, gerekli bilgiler i¢in 6nceki boliimlere bagvurabilirsiniz.

3.1.3 Saf GOmme

[k program, bir Python betiginde bir fonksiyonu calistirmay1 amaglar. Cok yiiksek seviyeli arayiizle ilgili boliimde
oldugu gibi, Python yorumlayicist uygulama ile dogrudan etkilesime girmez (ancak bu bir sonraki boliimde degise-
cektir).

Python betiginde tanimlanan bir islevi ¢alistirma kodu:

#define PY_ SSIZE_T_ CLEAN
#include <Python.h>

int

main (int argc, char *argv([])

{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;
int i;

if (argc < 3) {
fprintf (stderr, "Usage: call pythonfile funcname [args]\n");
return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* Error checking of pName left out */

pModule = PyImport_Import (pName) ;
Py_DECREF (pName) ;

if (pModule != NULL) {

(sonraki sayfaya devam)
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(6nceki sayfadan devam)

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {
pPArgs = PyTuple_New (argc - 3);
for (i = 0; 1 < argc - 3; ++i) |
pValue = PyLong_FromLong (atoi(argv[i + 3]));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);

}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

}

else {
PyErr_Print () ;
fprintf (stderr, "Failed to load \"%$s\"\n", argv[l]);
return 1;

}

if (Py_FinalizeEx () < 0) {
return 120;

}

return 0O;

}

Bu kod, argv[1] kullanarak bir Python betigi yiikler ve argv [2] i¢inde adlandirilan fonksiyonu ¢agirir. Tamsay1
argiimanlari, argv dizisinin diger degerleridir. Bu programi derler, ve baglarsaniz (bitmis yiiriitiilebilir dosyay1 call
olarak adlandiralim) ve onu agagidaki gibi bir Python betigini ¢alistirmak i¢in kullanirsaniz:

def multiply(a,b):
print ("Will compute", a, "times", b)

c =0
(sonraki sayfaya devam)
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(6nceki sayfadan devam)
for i in range (0, a):
c=c+tb

return c

0 zaman sonug olmalidir:

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

J

Program iglevselligi acisindan oldukga biiyiik olmasina ragmen, kodun ¢ogu Python ve C arasinda veri doniistiirme
ve hata raporlama icindir. Python’'u gbmmekle ilgili ilgin¢ kisim sununla baglar

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;

Yorumlayiciy1 baglattiktan sonra komut dosyasi Py Import_Import () kullanilarak yiiklenir. Bu rutin, argiimani
olarak PyUnicode_FromString () veri dontistiirme rutini kullanilarak olusturulan bir Python dizesine ihtiya¢ du-
yar.

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_ Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

J

Komut dosyas1 yiiklendikten sonra, aradigimiz ad PyObject_GetAttrString () kullamlarak alimir. Ad varsa ve
dondiirtilen nesne cagrilabilirse bunun bir fonksiyon oldugunu giivenle varsayabilirsiniz. Program daha sonra normal
olarak bir dizi argiiman olusturarak devam eder. Python islevine yapilan ¢agr1 su sekilde yapilir:

[pValue = PyObject_CallObject (pFunc, pArgs); }

Fonksiyon dondiiriildiigiinde, pvalue ya NULL olur ya da fonksiyonun doniis degerine bir bagvuru icerir. Degeri
inceledikten sonra referans biraktiginizdan emin olun.

3.1.4 Gomulu Python’u Genigletme

Simdiye kadar, gomiilii Python yorumlayicisinin uygulamanin kendisinden islevsellige erisimi yoktu. Python API,
gomiilii yorumlayiciy: genigleterek buna izin verir. Yani, gomiilii yorumlayici, uygulama tarafindan saglanan rutinlerle
genigletilir. Kulaga karmagik gelse de, o kadar da kotii degil. Uygulamanin Python yorumlayicisim baglattigini bir
stireligine unutun. Bunun yerine, uygulamayi bir dizi altyordam olarak diisiintin ve tipki normal bir Python uzantisi
yazacagmiz gibi, Python’un bu rutinlere erigsmesini saglayan bir tutkal kodu yazin. Ornegin:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

(sonraki sayfaya devam)
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(6nceki sayfadan devam)

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}

i

static PyModuleDef EmbModule = {
PyModuleDef_ HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

Yukaridaki kodu main () fonksiyonunun hemen iistiine ekleyin. Ayrica, Py_Initialize (): ¢agrisindan once aga-
gidaki iki ifadeyi ekleyin:

numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

These two lines initialize the numargs variable, and make the emb . numargs () function accessible to the embedded
Python interpreter. With these extensions, the Python script can do things like

import emb
print ("Number of arguments", emb.numargs())

Gercek bir uygulamada, yontemler uygulamanin APT’sini Python’a gosterir.

3.1.5 Python’u C++’a Gommek

Python'u bir C++ programina yerlestirmek de miimkiindiir; bunun tam olarak nasil yapilacagi, kullanilan C++ siste-
minin ayrimtilarina bagl olacaktir; genel olarak ana programi C++ ile yazmaniz ve programinizt derlemek ve bagla-
mak i¢in C++ derleyicisini kullanmaniz gerekecektir. Python'un kendisini C++ kullanarak yeniden derlemeye gerek
yoktur.

3.1.6 Unix benzeri sistemler altinda Derleme ve Baglama

Python yorumlayicisini uygulamaniza gommek i¢in derleyicinize (ve baglayiciniza) iletilecek dogru bayraklar1 bul-
mak mutlaka 6nemli degildir, 6zellikle Python'un C dinamik uzantilari buna karsi baglatili olan (. so dosyalari)
olarak uygulanan kiitiiphane modiillerini yiiklemesi gerektiginden.

Gerekli derleyici ve baglayici bayraklarini bulmak i¢in, yiikleme isleminin bir parcasi olarak olusturulan pythonx.
Y-config betigini ¢alistirabilirsiniz (bir python3-config betigi de mevcut olabilir). Bu komut dosyast, size dog-
rudan yardimci olacak birkac secenege sahiptir:

e pythonX.Y-config --cflags derleme sirasinda size dnerilen bayraklari verecektir:

$ /opt/bin/python3.11-config --cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -
—g —fwrapv -03 -Wall

e pythonX.Y-config --1dflags --embed, baglanti kurarken size onerilen bayraklar1 verecektir:
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$ /opt/bin/python3.11-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-linux—-gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

O Not

Birka¢ Python kurulumu arasinda (ve 6zellikle sistem Python ile kendi derlenmis Python’'unuz arasinda) karisik-
1g1 6nlemek icin, yukaridaki 6rnekte oldugu gibi mutlak pythonXx. Y-config yolunu kullanmaniz onerilir.

Bu prosediir sizin igin ise yaramazsa (tiim Unix benzeri platformlar icin ¢aligmasi garanti edilmez; ancak, mem-
nuniyetle karsiliyoruz: hata raporlar1) dinamik hakkinda sisteminizin belgelerini okumaniz gerekecektir ve/veya
Python'un Makefile (konumunu bulmak i¢in sysconfig.get_makefile_filename () kullanin) ve derleme
seceneklerini baglamayi inceleyin. Bu durumda, sysconfig modiilii, birlestirmek isteyeceginiz konfigiirasyon de-
gerlerini programli olarak gikarmak igin kullamslt bir aractir. Ornegin:

>>> import sysconfig

>>> sysconfig.get_config var ('LIBS')
'-lpthread -1dl -lutil'

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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ek A

So6zIuk

>>>
The default Python prompt of the inferactive shell. Often seen for code examples which can be executed inte-
ractively in the interpreter.

Sunlara bagvurabilir:

o The default Python prompt of the interactive shell when entering the code for an indented code block,
when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Elipsis yerlesik sabiti.

soyut temel simif
Soyut temel siniflar duck-typing ‘i, hasattr () gibi diger teknikler beceriksiz veya tamamen yanlig oldugunda
araytizleri tanimlamanin bir yolunu saglayarak tamamlar (6rnegin sihirli yontemlerle). ABC’ler, bir siniftan
miras almayan ancak yine de isinstance () ve issubclass () tarafindan tanman siniflar olan sanal alt
smiflar1 tanitir; abc modiil belgelerine bakin. Python comes with many built-in ABCs for data structures (in
the collections.abc module), numbers (in the numbers module), streams (in the io module), import
finders and loaders (in the import1lib.abc module). abc modiilii ile kendi ABC’lerinizi olusturabilirsiniz.

annotate function
A function that can be called to retrieve the annotations of an object. This function is accessible as the
__annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate func-
tions.

dipnot
Bir degiskenle, bir sinif niteligiyle veya bir fonksiyon parametresiyle veya bir doniis degeriyle iliskilendirilen,
gelenek olarak 7ype hint biciminde kullanilan bir etiket.

Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class attribu-
tes, and functions can be retrieved by calling annotationlib.get_annotations () on modules, classes,
and functions, respectively.

See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe this functi-
onality. Also see annotations-howto for best practices on working with annotations.

argiiman
Fonksiyon cagrilirken bir function ‘a (veya method) gegirilen bir deger. Iki tiir argiiman vardar:
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o keyword argument: bir islev ¢cagrisinda bir tanimlayicinin (6r. ad =) Oniine gecen veya bir sozliikte * *
ile baglayan bir deger olarak gegirilen bir argiiman. Ornegin, 3 ve 5, asagidaki complex () : cagrilarinda
anahtar kelimenin argiimanleridir:

complex (**{'real': 3, 'imag': 5})

complex (real=3, imag=5) J

« positional argument: anahtar kelime argiimani olmayan bir argiiman. Konumsal argiimanler, bir argii-
man listesinin baginda goriinebilir ve/veya * ile baglayan bir iterable 6gesinin 6geleri olarak iletilebilir.
Ornegin, 3 ve 5, asagidaki ¢agrilarda konumsal argiimanlerdir:

complex (3, 5)
complex (* (3, 5))

Argiimanler, bir fonksiyon govdesindeki adlandirilmis yerel degiskenlere atanir. Bu atamay1 yoneten kurallar
icin calls bolumiine bakin. Sozdizimsel olarak, bir argiimani temsil etmek i¢in herhangi bir ifade kullanilabilir;
degerlendirilen deger yerel degigkene atanir.

Ayrica parameter sozlugl girisine, the difference between arguments and parameters hakkindaki SSS sorusuna
ve PEP 362 ‘ye bakin.

asenkron baglam yoneticisi
An object which controls the environment seen in an async with statement by defining__aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asenkron jenerator
asynchronous generator iterator dondiiren bir iglev. Bir async for dongiisiinde kullanilabilen bir dizi deger
tiretmek icin yield ifadeleri icermesi diginda async def ile tanimlanmig bir esyordam islevine benziyor.

Genellikle bir asenkron iireteg iglevine atifta bulunur, ancak bazi baglamlarda bir asynchronous generator ite-
rator ‘e karsilik gelebilir. Amaclanan anlamin net olmadig1 durumlarda, tam terimlerin kullanilmast belirsizligi
onler.

Bir asenkron iiretici fonksiyonu, await ifadelerinin yani sira async for ve async with ifadeleri icerebilir.

asenkron jenerator yineleyici
Bir asynchronous generator islevi tarafindan olusturulan bir nesne.

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

eszamansiz yinelenebilir
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asenkron yineleyici
An object that implements the __aiter () and __anext__ () methods. __anext__ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator's __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

nitelik
Noktal ifadeler kullanilarak adiyla bagvurulan bir nesneyle iliskili deger. Ornegin, o nesnesinin a 6zniteligi
varsa, bu nesneye o.a olarak bagvurulur.

Bir nesneye, eger nesne izin veriyorsa, ornegin setattr () kullanarak, adi identifiers tarafindan tanimlandig1
gibi tanimlayic1 olmayan bir 6znitelik vermek miimkiindiir. Boyle bir 6znitelige noktali bir ifade kullanilarak
erisilemez ve bunun yerine getattr () ile alinmasi gerekir.

beklenebilir
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
Benevolent Dictator For Life, nami1 diger Guido van Rossum, Python’un yaraticisi.

ikili dosya
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.BytesIO and
gzip.GzipFile.

Ayrica str nesnelerini okuyabilen ve yazabilen bir dosya nesnesi i¢in fext file ‘a bakin.

odiin¢ alinan referans
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

borrowed reference tizerinde Py_INCREF () cagirmak, nesnenin 6diin¢ almanin son kullanimindan 6nce yok
edilemedigi durumlar diginda, onu yerinde bir strong reference ‘a donuistiirmek igin tavsiye edilir. referans.
Py NewRef () islevi, yeni bir strong reference olugturmak i¢in kullanilabilir.

bayt benzeri nesne
bufferobjects ‘i destekleyen ve bir C-contiguous arabellegini disa aktarabilen bir nesne. Bu, tiim bytes,
bytearray ve array.array nesnelerinin yani sira bir¢ok yaygin memoryview nesnesini icerir. Bayt benze-
ri nesneler, ikili verilerle ¢alisan cesitli iglemler i¢in kullanilabilir; bunlara sikigtirma, ikili dosyaya kaydetme
ve bir soket iizerinden gonderme dahildir.

Baz1 iglemler, degisken olmasi icin ikili verilere ihtiya¢ duyar. Belgeler genellikle bunlara “okuma-yazma
bayt benzeri nesneler” olarak atifta bulunur. Ornek degistirilebilir arabellek nesneleri bytearray ve bir
bytearray memoryview icerir. Diger islemler, ikili verilerin degismez nesnelerde (“salt okunur bayt benzeri
nesneler”) depolanmasini gerektirir; bunlarin 6rnekleri arasinda bytes ve bir byt es nesnesinin memoryview
bulunur.

bayt kodu
Python kaynak kodu, bir Python programinin CPython yorumlayicisindaki dahili temsili olan bayt kodunda
derlenir. Bayt kodu ayrica . pyc dosyalarinda 6nbellege alinir, boylece ayn: dosyanin ikinci kez galigtiriimasi
daha hizli olur (kaynaktan bayt koduna yeniden derleme 6nlenebilir). Bu “ara dilin”, her bir bayt koduna karsilik
gelen makine kodunu yiiriiten bir sanal makine tizerinde ¢aligtig1 sdylenir. Bayt kodlarinin farkli Python sanal
makineleri arasinda ¢aligmasi veya Python stirtimleri arasinda kararli olmasi beklenmedigini unutmayin.

Bayt kodu talimatlarinin bir listesi bytecodes dokiimaninda bulunabilir.

cagirilabilir
Bir cagrilabilir, muhtemelen bir dizi argimanla (bkz. argument) ve asagidaki sozdizimiyle ¢agrilabilen bir
nesnedir:
[callable(argumentl, argument2, argumentN) }
Bir fonksiyon ve uzantisi olarak bir merot bir cagrilabilirdir. __call () yontemini uygulayan bir sinif rnegi
de bir ¢agrilabilirdir.

geri cagirmak
Gelecekte bir noktada yiiriitiilecek bir argiiman olarak iletilen bir alt program iglevi.

simf
Kullanici tanimli nesneler olusturmak icin bir sablon. Siif tanimlar1 normalde siifin 6rnekleri iizerinde ¢a-
lisan yontem tanimlarini igerir.

sif degiskeni
Bir sinifta tanimlanmig ve yalnizca sinif diizeyinde (yani sinifin bir 6rneginde degil) degistirilmesi amaglanan
bir degisken.

closure variable
A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at
runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.
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For example, in the inner function in the following code, both x and print are free variables, but only x is
a closure variable:

-

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)
return inner

L

Due to the codeobiject . co_freevars attribute (which, despite its name, only includes the names of closure
variables rather than listing all referenced free variables), the more general free variable term is sometimes used
even when the intended meaning is to refer specifically to closure variables.

karmasik say1
Tum sayilarin bir reel kisim ve bir sanal kisim toplami olarak ifade edildigi bilinen gercek say1 sisteminin
bir uzantisi. Hayali sayilar, hayali birimin gercek katlaridir (-1 ‘in karekokii), genellikle matematikte i veya
miihendislikte j ile yazilir. Python, bu son gosterimle yazilan karmasik sayilar icin yerlesik destege sahip-
tir; hayali kisim bir j son ekiyle yazilir, 6rnegin 3+17. math modiiliinin karmagik es degerlerine erismek
icin cmath kullanin. Karmagik sayilarin kullanimi oldukga gelismis bir matematiksel 6zelliktir. Onlara olan
ihtiyacin farkinda degilseniz, onlar1 giivenle gérmezden gelebileceginiz neredeyse kesindir.

context
This term has different meanings depending on where and how it is used. Some common meanings:

o The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

context management protocol
The __enter_ () and __exit__ () methods called by the with statement. See PEP 343.

baglam yoneticisi
An object which implements the context management protocol and controls the environment seen in a with
statement. See PEP 343.

baglam degiskeni
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concurrent
asynchronous tasks.

bitisik
Bir arabellek, C-bitisik veya Fortran bitisik ise tam olarak bitigik olarak kabul edilir. Sifir boyutlu arabellekler
C ve Fortran bitigiktir. Tek boyutlu dizilerde, 6geler sifirdan baglayarak artan dizinler sirasina gore bellekte
yan yana yerlestirilmelidir. Cok boyutlu C-bitisik dizilerde, 6geleri bellek adresi sirasina gore ziyaret ederken
son dizin en hizl sekilde degisir. Ancak, Fortran bitisik dizilerinde, ilk dizin en hizli sekilde degisir.

esyordam
Esyordamlar, altyordamlarin daha genellestirilmis bir bigimidir. Alt programlara bir noktada girilir ve bagka
bir noktada cikilir. Esyordamlar bir¢ok farkli noktada girilebilir, ¢ikilabilir ve devam ettirilebilir. async def
ifadesi ile uygulanabilirler. Ayrica bakiniz PEP 492.

esyordam islevi
Bir coroutine nesnesi dondiiren bir iglev. Bir egyordam islevi async def ifadesiyle tanimlanabilir ve await,
async for ve async with anahtar kelimelerini i¢erebilir. Bunlar PEP 492 tarafindan tanitildi.

CPython
Python programlama dilinin python.org tizerinde dagitildig: sekliyle kuralli uygulamasi. “CPython” terimi,
gerektiginde bu uygulamayi1 Jython veya IronPython gibi digerlerinden ayirmak i¢in kullanilir.
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current context
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

dekorator
Genellikle @wrapper sozdizimi kullanilarak bir iglev dontigiimii olarak uygulanan, bagka bir iglevi dondiiren
bir iglev. Dekoratorler i¢in yaygin ornekler sunlardir: classmethod () ve staticmethod ().

Dekorator sozdizimi yalnizca sozdizimsel sekerdir, asagidaki iki islev tanim1 anlamsal olarak es degerdir:

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

Ayni kavram siniflar i¢in de mevcuttur, ancak orada daha az kullanilir. Dekoratorler hakkinda daha fazla bilgi
icin function definitions ve class definitions belgelerine bakin.

tanimlayici
Any object which defines the methods __get_ (), __set_ (),or __delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
they are the basis for many features including functions, methods, properties, class methods, static methods,
and reference to super classes.

Tanimlayicilarin yontemleri hakkinda daha fazla bilgi icin, bkz. descriptors veya Descriptor How To Guide.

sozlitkk
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and _ _eq__ () methods. Called a hash in Perl.

sozlitkk anlama
Ogelerin tiimiinii veya bir kismimni yinelenebilir bir sekilde islemenin ve sonuglar1 iceren bir sozliik dondiirme-
nin kompakt bir yolu. results = {n: n ** 2 for range(10)},n ** 2 degerine eslenmis n anahta-
rint igeren bir sozliik olusturur. Bkz. comprehensions.

sozliik goriiniimii
dict.keys (), dict.values () ve dict.items () ‘den dondiiriilen nesnelere sozliikk goriiniimleri denir.
Sozliigtin girisleri tizerinde dinamik bir goriiniim saglarlar; bu, sozliik degistiginde goriiniimiin bu degisiklikleri
yansittig1 anlamina gelir. Sozliik goriiniimiinti tam liste olmaya zorlamak icin list (dictview) kullanin.
Bakiniz dict-views.

belge dizisi
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

ordek yazma
Dogru arayiize sahip olup olmadigini belirlemek i¢in bir nesnenin tiiriine bakmayan bir programlama stili;
bunun yerine, yontem veya nitelik basitce cagrilir veya kullanilir (“Ordek gibi goriiniiyorsa ve drdek gibi vak-
liyorsa, ordek olmalidir.”) Iyi tasarlanmis kod, belirli tiirlerden ziyade arayiizleri vurgulayarak, polimorfik
ikameye izin vererek esnekligini artirir. Ordek yazma, type () veya isinstance () kullanan testleri 6n-
ler. (Ancak, 6rdek yazmanin abstract base class ile tamamlanabilecegini unutmayin.) Bunun yerine, genellikle
hasattr () testleri veya EAFP programlamasini kullanir.

7



Extending and Embedding Python, Yayim 3.14.0a2

EAFP
Af dilemek izin almaktan daha kolaydir. Bu yaygin Python kodlama stili, gecerli anahtarlarin veya niteliklerin
varligini varsayar ve varsayimin yanlis cikmasi durumunda istisnalar1 yakalar. Bu temiz ve hizli stil, bir¢ok t ry
ve except ifadesinin varlifi ile karakterize edilir. Teknik, C gibi diger bircok dilde ortak olan LBYL stiliyle
celigir.

evaluate function
A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the t ype statement.

ifade (deger dondiiriir)
Bir degere gore degerlendirilebilecek bir s6zdizimi parcasi. Bagka bir deyisle, bir ifade, tiimii bir deger don-
diiren sabit degerler, adlar, 6znitelik erigimi, islecler veya iglev ¢agrilar1 gibi ifade 6gelerinin bir toplamudir.
Diger bir¢ok dilin aksine, tiim dil yapilar1 ifade degildir. Ayrica while gibi kullanilamayan ifadeler de vardir.
Atamalar da deger dondiirmeyen ifadelerdir (statement).

uzatma modiilii
Cekirdekle ve kullanici koduyla etkilesim kurmak i¢in Python'un C APT’sini kullanan, C veya C++ ile yazilmig
bir modiil.

f-string
On eki 'f' veya 'F' olan dize degismezleri genellikle “f-strings” olarak adlandirilir; bu, formatted string
literals ‘in kisaltmasidir. Ayrica bkz. PEP 498.

dosya nesnesi
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type
of storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes,
etc.). File objects are also called file-like objects or streams.

Aslinda ti¢ dosya nesnesi kategorisi vardir: ham binary files, arabellege alinmis binary files ve text files. Ara-
yiizleri i o modiiliinde tanimlanmistir. Bir dosya nesnesi yaratmanin kuralli yolu open () islevini kullanmaktir.

dosya benzeri nesne
dosya nesnesi ile esanlamlidir.

dosya sistemi kodlamasi ve hata isleyicisi
Python tarafindan isletim sistemindeki baytlarin kodunu ¢6zmek ve Unicode’u igletim sistemine kodlamak icin
kullanilan kodlama ve hata isleyici.

Dosya sistemi kodlamasi, 128’in altindaki tiim baytlarin kodunu bagariyla ¢cozmeyi garanti etmelidir. Dosya
sistemi kodlamasi bu garantiyi saglayamazsa, API islevleri UnicodeError degerini yiikseltebilir.

sys.getfilesystemencoding () ve sys.getfilesystemencodeerrors () iglevleri, dosya sistemi
kodlamasini ve hata igleyicisini almak i¢in kullanilabilir.

filesystem encoding and error handler Python baglangicinda PyConfig_Read () igleviyle yapilandirilir: bkz.
filesystem encodingve filesystem errors iiyeleri PyConfig.

Ayrica bkz. locale encoding.

bulucu
Ice aktarilmakta olan bir modiil icin loader ‘1 bulmaya ¢alisan bir nesne.

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for use
with sys.path_hooks.

See finders-and-loaders and import1ib for much more detail.

kat boliimii
En yakin tam sayiya yuvarlayan matematiksel bolme. Kat bolme operatérii // seklindedir. Ornegin, 11 // 4
ifadesi, gercek ylizer bolme tarafindan dondiiriilen 2 . 75 degerinin aksine 2 olarak degerlendirilir. (-11) //
4 “in -3 olduguna dikkat edin, ¢iinkii bu -2 . 75 yuvarlatilmis asagr. Bakiniz PEP 238.

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.
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This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a namespace which
is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the name of
the codeobject .co_freevars attribute, the term is also sometimes used as a synonym for closure variable.

fonksiyon
Bir arayana bir deger dondiiren bir dizi ifade. Ayrica, govdenin yriitiilmesinde kullanilabilen sifir veya daha
fazla argiiman iletilebilir. Ayrica parameter, method ve function boliimiine bakin.

fonksiyon aciklamasi
Bir iglev parametresinin veya doniig degerinin ek aciklamasi.

Islev ek aciklamalar1 genellikle rype hints igin kullanilir: Grnegin, bu fonksiyonun iki int argiiman almasi ve
ayrica bir int doniis degerine sahip olmas: beklenir

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Islev aciklama sozdizimi function béliimiinde aciklanmaktadir.

Bu islevi agiklayan variable annotation ve PEP 484 ‘e bakim. Ek aciklamalarla ¢aligmaya iligkin en iyi uygu-
lamalar i¢in ayrica annotations-howto konusuna bakin.

future
Bir future ifadesi, from __ future__ import <feature>, derleyiciyi, Python'un gelecekteki bir siirii-
miinde standart hale gelecek olan s6zdizimini veya semantigi kullanarak mevcut modiilii derlemeye yonlen-
dirir. __future__ modill, feature'in olast degerlerini belgeler. Bu modiilui ige aktararak ve degigkenlerini
degerlendirerek, dile ilk kez yeni bir 6zelligin ne zaman eklendigini ve ne zaman varsayilan olacagini (ya da
yaptigin1) gorebilirsiniz:

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

¢Op toplama
Artik kullanilmadiginda bellegi bosaltma islemi. Python, referans sayimi ve referans dongiilerini algilayip ki-
rabilen bir dongtisel ¢op toplayici araciliiyla ¢op toplama gercgeklestirir. Cop toplayict gc modiilii kullanilarak
kontrol edilebilir.

jenerator
Bir generator iterator dondiiren bir iglev. Bir for dongtistinde kullanilabilen bir dizi deger tiretmek icin yield
ifadeleri icermesi veya next () igleviyle birer birer alinabilmesi disinda normal bir igleve benziyor.

Genellikle bir iiretici iglevine atifta bulunur, ancak bazi baglamlarda bir jenerator yineleyicisine atifta buluna-
bilir. Amaclanan anlamin net olmadig1 durumlarda, tam terimlerin kullanilmasi belirsizligi onler.

jenerator yineleyici
Bir generator islevi tarafindan olusturulan bir nesne.

Her yield, konum yiirtitme durumunu hatirlayarak (yerel degiskenler ve bekleyen try ifadeleri dahil) islemeyi
gecici olarak askiya alir. jenerator yineleyici devam ettiginde, kaldig1 yerden devam eder (her ¢agrida yeniden
baglayan islevlerin aksine).

jenerator ifadesi
An expression that returns an iferator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional if clause. The combined expression generates values for an enclosing
function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
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genel islev
Farkl tiirler icin ayni1 islemi uygulayan birden ¢ok islevden olusan bir iglev. Bir ¢agr1 sirasinda hangi uygula-
manin kullanilmas1 gerektigi, gonderme algoritmasi tarafindan belirlenir.

Ayrica single dispatch sozliik girdisine, functools.singledispatch () dekoratoriine ve PEP 443 ‘e bakin.

genel tip
Parametrelendirilebilen bir 7ype; tipik olarak bir konteyner sinifi, 6rnegin 1ist veya dict. fype hint ve anno-
tation i¢in kullanilir.

Daha fazla ayrint1 i¢in generic allias types, PEP 483, PEP 484, PEP 585 ve typing modiiliine bakin.

GIL
Bakiniz global interpreter lock.

genel terciiman Kkilidi
CPython yorumlayicisi tarafindan ayn1 anda yalnizca bir i parcaciginin Python bytecode ‘u yiiriitmesini sagla-
mak i¢in kullanilan mekanizma. Bu, nesne modelini (dict gibi kritik yerlesik tiirler dahil) eszamanl erigsime
karg1 ortiik olarak giivenli hale getirerek CPython uygulamasini basitlestirir. Tiim yorumlayiciyr kilitlemek,
cok iglemcili makinelerin sagladig1 paralelligin cogu pahasina, yorumlayicinin ¢ok is parcaciklt olmasini ko-
laylagtirir.

Bununla birlikte, standart veya liglincii taraf bazi genigletme modiilleri, sikistirma veya karma gibi hesaplama
acisindan yogun gorevler yaparken GIL'yi serbest birakacak sekilde tasarlanmustir. Ayrica, GIL, G/C yaparken
her zaman serbest birakilir.

As of Python 3.13, the GIL can be disabled using the -—-disable-gil build configuration. After building
Python with this option, code must be run with -x gil =0 or after setting the PYTHON_GIL =0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to use
multi-core CPUs efficiently. For more details, see PEP 703.

karma tabanl pyc
Gecerliligini belirlemek i¢in ilgili kaynak dosyanin son degistirilme zamani yerine karma degerini kullanan bir
bayt kodu onbellek dosyasi. Bakiniz pyc-invalidation.

yikanabilir
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (it needs an __eq () method). Hashable objects which

compare equal must have the same hash value.

Hashability, bir nesneyi bir sozliik anahtar1 ve bir set tiyesi olarak kullanilabilir hale getirir, ¢linkii bu veri
yapilar1 hash degerini dahili olarak kullanir.

Python’un degismez yerlesik nesnelerinin ¢ogu, yikanabilir; degistirilebilir kaplar (listeler veya sozliikler gibi)
degildir; degismez kaplar (ttipler ve donmus kiimeler gibi) yalnizca 6gelerinin yikanabilir olmasi durumunda
yikanabilirdir. Kullanici tanimli siniflarin 6rnekleri olan nesneler varsayilan olarak hash edilebilirdir. Hepsi
esit olmayani karsilastirir (kendileriyle haric) ve hash degerleri id () ‘lerinden tiiretilir.

BOSTA
Python i¢in Entegre Gelistirme Ortamu. idle, Python’un standart dagitimiyla birlikte gelen temel bir diizenleyici
ve yorumlayici ortamidir.

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

degismez
Sabit degeri olan bir nesne. Degismez nesneler arasinda sayilar, dizeler ve demetler bulunur. Boyle bir nesne
degistirilemez. Farkh bir degerin saklanmasi gerekiyorsa yeni bir nesne olusturulmalidir. Ornegin bir sozliikte
anahtar olarak, sabit bir karma degerinin gerekli oldugu yerlerde 6nemli bir rol oynarlar.

ice aktarim yolu
Ice aktarilacak modiiller igin path based finder tarafindan aranan konumlarin (veya path entries) listesi. ice
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aktarma sirasinda, bu konum listesi genellikle sys.path adresinden gelir, ancak alt paketler i¢in {ist paketin
__path__ ozelliginden de gelebilir.

ice aktarma
Bir modiildeki Python kodunun bagka bir modiildeki Python koduna sunulmas siireci.

ice aktarici
Bir modiilii hem bulan hem de yiikleyen bir nesne; hem bir finder hem de loader nesnesi.

etkilesimli
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly by
selecting it from your computer’s main menu). It is a very powerful way to test out new ideas or inspect modules
and packages (remember help (x) ). For more on interactive mode, see tut-interac.

yorumlanmis
Python, derlenmis bir dilin aksine yorumlanmig bir dildir, ancak bayt kodu derleyicisinin varligi nedeniyle
ayrim bulanik olabilir. Bu, kaynak dosyalarin daha sonra calistirilacak bir yiiriitiilebilir dosya olusturmadan
dogrudan calistirllabilecegi anlamina gelir. Yorumlanan diller genellikle derlenmis dillerden daha kisa bir
gelistirme/hata ayiklama dongiisiine sahiptir, ancak programlar1 genellikle daha yavas ¢alisir. Ayrica bkz. in-
teractive.

terciiman kapatma
Kapatilmasi istendiginde, Python yorumlayicisi, modiiller ve gesitli kritik i¢c yapilar gibi tahsis edilen tim
kaynaklar1 kademeli olarak serbest biraktig1 6zel bir agamaya girer. Ayrica garbage collector igin birkag ¢agri
yapar. Bu, kullanici tanimli yikicilarda veya zayif referans geri aramalarinda kodun yiiriitiilmesini tetikleye-
bilir. Kapatma asamasinda ytiriitiilen kod, dayandig1 kaynaklar artik calismayabileceginden cesitli istisnalarla
karsilagabilir (yaygin 6rnekler kiitiiphane modiilleri veya uyar1 makineleridir).

Yorumlayicinin kapatilmasinin ana nedeni,
olmasidir.

main__ modiiliniin veya caligtirilan betigin ylirtitmeyi bitirmig

yinelenebilir
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as list, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter () methodorwitha _getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
...). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary to call iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

yineleyici

An object representing a stream of data. Repeated calls to the iterator's _ next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits __next__ () method just raise StopIteration again. Iterators are required to have an __iter__ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places
where other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A
container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function
or use itin a for loop. Attempting this with an iterator will just return the same exhausted iterator object used
in the previous iteration pass, making it appear like an empty container.

Daha fazla bilgi typeiter i¢inde bulunabilir.

CPython uygulama ayrintis1: CPython does not consistently apply the requirement that an iterator define
__iter_ (). And also please note that the free-threading CPython does not guarantee the thread-safety of
iterator operations.

anahtar islev
Anahtar iglevi veya harmanlama iglevi, siralama veya siralama i¢in kullanilan bir degeri dondiiren bir ¢agrilabi-
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lir. Ornegin, 1ocale.strxfrm(), yerel ayara dzgii siralama kurallarimin farkinda olan bir siralama anahtari
tiretmek icin kullanilir.

Python'daki bir dizi arag, 6gelerin nasil siralandigini veya gruplandirildigini kontrol etmek i¢in temel iglevleri
kabul eder. Bunlar min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest () ve itertools.groupby ().

Bir tug fonksiyonu olusturmanin birkag yolu vardir. Ornegin. str.lower () yontemi, biiyiik/kiigiik har-
fe duyarli olmayan siralamalar i¢in bir anahtar fonksiyonu iglevi gorebilir. Alternatif olarak, lambda r:
(r[0], r[2]) gibi bir lambda ifadesinden bir anahtar islevi olusturulabilir. Ayrica, attrgetter (),
itemgetter () ve methodcaller () fonksiyonlar: {i¢ anahtar fonksiyon kurucularidir. Anahtar iglevlerin
nasil olugturulacag: ve kullanilacagma iligkin 6rnekler i¢in Sorting HOW TO boliimiine bakin.

anahtar kelime argiimani
Bakiniz argument.

lambda
Islev cagrildiginda degerlendirilen tek bir expression ‘dan olusan anonim bir satir ici islev. Bir lambda islevi
olusturmak i¢in sozdizimi 1ambda [parametreler]: ifade seklindedir

LBYL
Ziplamadan 6nce Bak. Bu kodlama stili, arama veya arama yapmadan 6nce 6n kosullar1 agikca test eder. Bu
stil, EAFP yaklagimryla celigir ve bir¢ok i f ifadesinin varlig1 ile karakterize edilir.

Cok is parcacikli bir ortamda, LBYL yaklagimi1 “bakan” ve “sicrayan” arasinda bir yaris kosulu getirme riskini
tastyabilir. Ornegin, if key in mapping: return mapping[key] kodu, testten sonra, ancak aramadan
once bagka bir is parcacigi eslemeden key kaldirirsa basarisiz olabilir. Bu sorun, kilitlerle veya EAFP yaklasimi
kullanilarak ¢oziilebilir.

liste
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

liste anlama
Bir dizideki ogelerin timiinii veya bir kisminm iglemenin ve sonuglari iceren bir liste dondiirmenin kompakt
bir yolu. sonug = ['{:#04x}'.format (x) for range(256) if x % 2 == 0], dizinde ¢ift onalti-
lik sayilar (0x..) iceren bir diziler listesi olusturur. O ile 255 arasindadir. i £ yan tiimcesi istege baghdir. Atla-
nirsa, “aralik(256)” icindeki tiim 6geler islenir.

yiikleyici
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

o finders-and-loaders
e importlib.abc.Loader
« PEP 302

yerel kodlama
Unixte, LC_CTYPE yerel ayarmin kodlamasidir. locale.setlocale(locale.LC_CTYPE,
new_locale) ile ayarlanabilir.

Windows’ta bu, ANSI kod sayfasidir (6r. "cp1252").

Android ve VxWorks'te Python, yerel kodlama olarak "ut £-8" kullanir.
locale.getencoding () can be used to get the locale encoding.
Ayrica filesystem encoding and error handler ‘ne bakin.

sihirli yontem
special method i¢in gayri resmi bir esanlaml.

haritalama
Keyfi anahtar aramalarin1 destekleyen ve Mapping veya MutableMapping collections-abstract-base-classes
icinde belirtilen yontemleri uygulayan bir kapsayici nesnesi. Ornekler arasinda dict, collections.
defaultdict, collections.OrderedDict Ve collections.Counter sayilabilir.
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meta yol bulucu
Bir finder, sys.meta_path aramasiyla dondiiriiliir. Meta yol bulucular, yol girisi bulucular: ile iligkilidir,
ancak onlardan farklidir.

Meta yol bulucularin uyguladig1 yontemler i¢in importlib.abc.MetaPathFinder boliimiine bakin.

metasimf
Bir sinifin sinifi. Siif tanimlari, bir sinif adi, bir sinif sozlugii ve temel siniflarin bir listesini olugturur. Meta-
sinif, bu ii¢ argiimani almaktan ve sinift olugturmaktan sorumludur. Cogu nesne yonelimli programlama dili,
varsayilan bir uygulama saglar. Python’u 6zel yapan sey, 6zel metasiniflar olusturmanin miimkiin olmasidir.
Cogu kullanici bu araca hi¢bir zaman ihtiya¢ duymaz, ancak ihtiya¢ duyuldugunda, metasiniflar giiclii ve zarif
coziimler saglayabilir. Nitelik erisimini giinliige kaydetmek, is parcacig1 giivenligi eklemek, nesne olusturmayi1
izlemek, tekilleri uygulamak ve diger bir¢ok gorev icin kullanilmiglardir.

Daha fazla bilgi metaclasses icinde bulunabilir.

metot
Bir simuf govdesi icinde tanimlanan bir iglev. Bu smifin bir 6rneginin 6zniteligi olarak ¢agrilirsa, yontem 6rnek
nesnesini ilk argument (genellikle sel £ olarak adlandirilir) olarak alir. Bkz. function ve nested scope.

metot kalite siralamasi
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

modiil
Python kodunun kurulug birimi olarak hizmet eden bir nesne. Modiiller, rastgele Python nesneleri i¢eren bir
ad alanina sahiptir. Modiiller, importing islemiyle Python’a ytiklenir.

Ayrica bakimz package.

modiil ozelligi
Bir modiilii yiiklemek i¢in kullanilan ice aktarmayla ilgili bilgileri iceren bir ad alani. Bir importlib.
machinery.ModuleSpec Ornegi.

See also module-specs.

MRO
Bakiniz metot ¢oziim sirast.

degistirilebilir
Degistirilebilir (mutable) nesneler degerlerini degistirebilir ancak idlerini koruyabilirler. Ayrica bkz. im-
mutable.

adlandirilmis demet
“named tuple” terimi, demetten miras alan ve dizinlenebilir 6gelerine de adlandirilmis nitelikler kullanilarak
erisilebilen herhangi bir tiir veya sinif icin gegerlidir. Tiir veya sinifin bagka ¢zellikleri de olabilir.

Cesitli yerlesik tiirler, time.localtime () ve os.stat () tarafindan dondiiriilen degerler de dahil olmak
iizere, tanimlama gruplar1 olarak adlandirilir. Bagka bir 6rnek sys.float_info:

>>> sys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

. J

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be cre-
ated from a regular class definition that inherits from tuple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting typing.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found in
hand-written or built-in named tuples.

ad alam
Degiskenin saklandig1 yer. Ad alanlari sozliikler olarak uygulanir. Nesnelerde (yontemlerde) yerel, genel ve
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yerlesik ad alanlarinin yani sira i¢ ice ad alanlar1 vardir. Ad alanlari, adlandirma ¢akigmalarini 6nleyerek mo-
diilerligi destekler. Ornegin, builtins.open ve os.open () iglevleri ad alanlariyla ayirt edilir. Ad alan-
lar1, hangi modiiliin bir iglevi uyguladigini agikca belirterek okunabilirlife ve siirdiiriilebilirlie de yardim-
ct olur. Ornegin, random. seed () veya itertools.islice () yazmak, bu iglevlerin sirastyla random ve
itertools modiilleri tarafindan uygulandigin agikga gosterir.

ad alam paketi
A PEP 420 package, yalmzca alt paketler i¢in bir kap olarak hizmet eder. Ad alan1 paketlerinin hicbir fiziksel
temsili olmayabilir ve __init__ .py dosyasi olmadigindan ozellikle regular package gibi degildirler.

Ayrica bkz. module.

ic ice kapsam
Kapsaml bir tamimdaki bir degiskene atifta bulunma yetenegi. Ornegin, bagka bir fonksiyonun iginde tanim-
lanan bir fonksiyon, dig fonksiyondaki degiskenlere atifta bulunabilir. i¢ ige kapsamlarin varsayilan olarak
yalnizca bagvuru i¢in ¢alistigin1 ve atama icin caligmadigini unutmayin. Yerel degiskenler en igteki kapsamda
hem okur hem de yazar. Benzer sekilde, global degiskenler global ad alanin1 okur ve yazar. nonlocal, dig
kapsamlara yazmaya izin verir.

yeni stil simf
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like _ slots_ , descriptors, properties,
__getattribute__ (), class methods, and static methods.

obje
Durum (6znitelikler veya deger) ve tanimlanmis davranig (yontemler) iceren herhangi bir veri. Ayrica herhangi
bir yeni tarz simifin nihai temel sinifi.

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

paket
Alt modiiller veya yinelemeli olarak alt paketler icerebilen bir Python module. Teknik olarak bir paket,
__path__ Ozniteligine sahip bir Python modiiliidiir.

Ayrica bkz. regular package ve namespace package.

parametre
Bir function (veya yontem) taniminda, islevin kabul edebilecegi bir argument (veya baz1 durumlarda, argii-
manlar) belirten adlandirilmig bir varlik. Bes ¢esit parametre vardir:

o positional-or-keyword: pozisyonel veya bir keyword argiimani olarak iletilebilen bir argiiman belirtir. Bu,
varsayilan parametre tiirtidiir, 6rnegin agagidakilerde foo ve bar:

[def func (foo, bar=None): ... }

o positional-only: yalmizca konuma gore saglanabilen bir argiiman belirtir. Yalnizca konumsal parametreler,
onlardan sonra fonksiyon taniminin parametre listesine bir / karakteri eklenerek tanimlanabilir, 6rnegin
asagidakilerde posonlyl ve posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o keyword-only: sadece anahtar kelime ile saglanabilen bir argiiman belirtir. Yalnizca anahtar kelime
(keyword-only) parametreleri, onlardan 6nceki fonksiyon taniminin parametre listesine tek bir degis-
ken konumlu parametre veya ¢iplak * dahil edilerek tanimlanabilir, 6rnegin asagidakilerde kw_onlyl ve
kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }
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o var-positional: keyfi bir pozisyonel argiiman dizisinin saglanabilecegini belirtir (diger parametreler tara-
findan zaten kabul edilmig herhangi bir konumsal argiimana ek olarak). Boyle bir parametre, parametre
admnin bagina * eklenerek tanimlanabilir, 6rnegin asagidakilerde args:

[def func (*args, **kwargs) :

« var-keyword: keyfi olarak bir¢ok anahtar kelime argiimaninin saglanabilecegini belirtir (diger parametre-
ler tarafindan zaten kabul edilen herhangi bir anahtar kelime argiimanina ek olarak). Boyle bir parametre,
parametre adinin bagina * *, drnegin yukaridaki 6rnekte kwargs eklenerek tanimlanabilir.

Parametreler, hem istege bagli hem de gerekli argiimanleri ve ayrica bazi istege bagli bagimsiz degiskenler icin
varsayilan degerleri belirtebilir.

Ayrica bkz. argiiman, argiimanlar ve parametreler arasindaki fark, inspect.Parameter, function ve PEP
362.

yol girisi
path based finder i¢e aktarma modiillerini bulmak i¢in bagvurdugu import path iizerindeki tek bir konum.

yol girisi bulucu
Bir finder sys.path_hooks (yani bir yol giris kancast) tizerinde bir ¢cagrilabilir tarafindan dondiiriiltir ve path
entry verilen modiillerin nasil bulunacagini bilir.

Yol girisi bulucularimin uyguladigr yontemler igin importlib.abc.PathEntryFinder bolimiine bakin.

yol giris kancasi
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on
a specific path entry.

yol tabanh bulucu
Modiiller i¢in bir import path arayan varsayilan meta yol buluculardan biri.

yol benzeri nesne
Bir dosya sistemi yolunu temsil eden bir nesne. Yol benzeri bir nesne, bir yolu temsil eden bir str veya
bytes nesnesi veya os.PathLike protokoliinii uygulayan bir nesnedir. os.PathLike protokoliinii destek-
leyen bir nesne, os. fspath () islevi cagrilarak bir str veya bytes dosya sistemi yoluna doniistiiriilebilir;
os.fsdecode () ve os.fsencode (), bunun yerine sirasiyla st r veya bytes sonucunu garanti etmek igin
kullanilabilir. PEP 519 tarafindan tanitildi.

PEP
Python Gelistirme Onerisi. PEP, Python topluluguna bilgi saglayan veya Python veya siirecleri ya da ortami
icin yeni bir 6zelligi aciklayan bir tasarim belgesidir. PEP’ler, 6nerilen 6zellikler i¢in 6zlii bir teknik sartname
ve bir gerekce saglamalidir.

PEP’lerin, 6nemli yeni ozellikler 6nermek, bir sorun hakkinda topluluk girdisi toplamak ve Pythona giren
tasarim kararlarin1 belgelemek icin birincil mekanizmalar olmasi amaclanmigtir. PEP yazari, topluluk i¢inde
fikir birligi olusturmaktan ve muhalif goriisleri belgelemekten sorumludur.

Bakiniz PEP 1.

kisim
PEP 420 icinde tanimlandig1 gibi, bir ad alan1 paketine katkida bulunan tek bir dizindeki (muhtemelen bir zip
dosyasinda depolanan) bir dizi dosya.

konumsal argiiman
Bakiniz argument.

gecici API
Gegici bir API, standart kitapligin geriye doniik uyumluluk garantilerinden kasitli olarak hari¢ tutulan bir
APTdir. Bu tiir arayiizlerde biiyiik degisiklikler beklenmese de, gegici olarak isaretlendikleri siirece, ¢ekirdek
geligtiriciler tarafindan gerekli goriildiigii takdirde geriye doniik uyumsuz degisiklikler (arayiiztin kaldirilma-
sina kadar ve buna kadar) meydana gelebilir. Bu tiir degisiklikler karsiliksiz yapilmayacaktir - bunlar yalnizca
APT'nin eklenmesinden 6nce gozden kacan ciddi temel kusurlar ortaya c¢ikarsa gerceklesecektir.

Gegici APT’ler icin bile, geriye doniik uyumsuz degisiklikler “son care ¢oztimii” olarak goriiliir - tanimlanan
herhangi bir soruna geriye doniik uyumlu bir ¢6ziim bulmak i¢in her tiirlii girisimde bulunulacaktir.
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Bu siireg, standart kitapligin, uzun siireler boyunca sorunlu tasarim hatalarina kilitlenmeden zaman iginde
gelismeye devam etmesini saglar. Daha fazla ayrint1 i¢in bkz. PEP 411.

gecici paket
Bakiniz provisional API.

Python 3000
Python 3.x siiriim satirinin takma adi (uzun zaman Once siiriim 3’{in piyasaya stiriilmesi uzak bir gelecekte
oldugu zaman ortaya cikti.) Bu ayn1 zamanda “Py3k” olarak da kisaltilir.

Pythonic
Diger dillerde ortak kavramlari kullanarak kod uygulamak yerine Python dilinin en yaygin deyimlerini yakin-
dan takip eden bir fikir veya kod parcasi. Ornegin, Python’da yaygin bir deyim, bir for ifadesi kullanarak
yinelenebilir bir 6genin tiim 6geleri iizerinde dongii olugturmaktir. Diger bircok dilde bu tiir bir yap1 yoktur,
bu nedenle Python’a agina olmayan kisiler bazen bunun yerine sayisal bir saya¢ kullanir:

p
for i in range(len(food)):

print (food[i])

L

Temizleyicinin aksine, Pythonic yontemi:

p
for piece in food:

print (piece)
- J

nitelikli isim
PEP 3155 icinde tanimlandig: gibi, bir modiiliin genel kapsamindan o modiilde tanimlanan bir sinifa, isleve
veya yonteme giden “yolu” gosteren noktali ad. Ust diizey islevler ve simflar igin nitelikli ad, nesnenin adiyla
aynmidir:

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qgualname_

IC’

>>> C.D.__gualname
'C.D'

>>> C.D.meth._ qualname
'C.D.meth'

Modiillere atifta bulunmak i¢in kullanildiginda, tam nitelenmis ad, herhangi bir tist paket de dahil olmak iizere,
modiile giden tiim noktali yol anlamina gelir, 6rn. email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

referans sayisi
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are immortal and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

siirekli paketleme
__init__ .py dosyasi iceren bir dizin gibi geleneksel bir package.

Ayrica bkz. ad alani paketi.

REPL
An acronym for the “read-eval-print loop”, another name for the inferactive interpreter shell.
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__slots__
Ornek o6znitelikleri icin 6nceden yer bildirerek ve ornek sozliiklerini ortadan kaldirarak bellekten tasarruf
saglayan bir sinif icindeki bildirim. Popiiler olmasina ragmen, teknigin dogru olmast biraz zor ve en iyi, bellek
acisindan kritik bir uygulamada ¢ok sayida 6rnegin bulundugu nadir durumlar i¢in ayrilmistir.

dizi
An iterable which supports efficient element access using integer indices via the _ _getitem__ () special
method and defines a __len__ () method that returns the length of the sequence. Some built-in sequence
types are list, str, tuple, and bytes. Note that dict also supports __getitem_ () and _ len_ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary hashable keys rather
than integers.
The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ () and__len__ (),adding count (), index(),__contains__(),and __reversed__ ().
Types that implement this expanded interface can be registered explicitly using register (). For more do-
cumentation on sequence methods generally, see Common Sequence Operations.

anlamak
Ogelerin tiimiinii veya bir kismim yinelenebilir bir sekilde islemenin ve sonuglarla birlikte bir kiime déndiir-
menin kompakt bir yolu. results = {c for c in 'abracadabra' if c not in 'abc'}, {'r’',
'd' } dizelerini olusturur. Bakiniz comprehensions.

tek sevk
Uygulamanin tek bir argiiman tiiriine gore secildigi bir generic function gonderimi bi¢imi.

parcalamak
Genellikle bir sequence ‘nin bir boliimiinii iceren bir nesne. Bir dilim, 6rnegin variable_name[1:3:5]
‘de oldugu gibi, birkag tane verildiginde, sayilar arasinda iki nokta iist iiste koyarak, [] alt simge gosterimi
kullanilarak olugturulur. Koseli ayrag (alt simge) gosterimi, dahili olarak s1ice nesnelerini kullanir.

soft deprecated
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.
Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

0zel metod

Toplama gibi bir tiir iizerinde belirli bir islemi yiiriitmek icin Python tarafindan ortiik olarak cagrilan bir
yontem. Bu tiir yontemlerin ¢ift alt cizgi ile baglayan ve biten adlar1 vardir. Ozel yontemler specialnames
icinde belgelenmistir.

ifade (deger dondiirmez)
Bir ifade, bir paketin parcasidir (kod “blogu”). Bir ifade, bir expression veya if, while veya for gibi bir
anahtar kelimeye sahip birka¢ yapidan biridir.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

giiclii referans
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

Py _NewRef () fonksiyonu, bir nesneye giiclii bir bagvuru olusturmak i¢in kullanilabilir. Genellikle
Py_DECREF () fonksiyonu, bir referansin sizmasini 6nlemek i¢in giiclii referans kapsamindan ¢ikmadan 6nce
giiclii referansta cagrilmalidir.

Ayrica bkz. ddiing alinan referans.

yaz1 ¢coziimleme
Python’da bir dize, bir Unicode kod noktalar1 dizisidir (U+0000-U+10FFFF araliginda). Bir dizeyi depolamak
veya aktarmak i¢in, bir bayt dizisi olarak seri hale getirilmesi gerekir.
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Bir dizeyi bir bayt dizisi halinde seri hale getirmek “kodlama (encoding)” olarak bilinir ve dizeyi bayt dizisinden
yeniden olusturmak “kod ¢ozme (decoding)” olarak bilinir.

Toplu olarak “metin kodlamalar1” olarak adlandirilan ¢esitli farkli metin serilestirme kodekleri vardir.

yaz1 dosyasi
A file object st r nesnelerini okuyabilir ve yazabilir. Cogu zaman, bir metin dosyasi aslinda bir bayt yonelimli
veri akigina erigir ve otomatik olarak fext encoding isler. Metin dosyalarina 6rnek olarak metin modunda agilan
dosyalar ("r' veya 'w'), sys.stdin, sys.stdout ve io.StringI0 Ornekleri verilebilir.

Ayrica ikili dosyalar: okuyabilen ve yazabilen bir dosya nesnesi i¢in bayt benzeri nesnelere bakin.

ii¢ tirnakh dize
Ug tirnak isareti () veya kesme isareti (*) ile simirlanan bir dize. Tek tirnakh dizelerde bulunmayan herhangi bir
islevsellik saglamasalar da, birka¢ nedenden dolay1 faydalidirlar. bir dizeye ¢ikigsiz tek ve cift tirnak eklemeniz
gerekir ve bunlar, devam karakterini kullanmadan birden ¢ok satira yayilabilir, bu da onlar1 6zellikle belge
dizileri yazarken kullanigh hale getirir.

tip
The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible as its __class___ attribute or can be retrieved with t ype (ob7).

tip takma adi
Bir tanimlayiciya tiir atanarak olugturulan, bir tiir i¢in es anlamli.

Tiir takma adlar, 7iir ipuclarin basitlestirmek icin kullamghdir. Ornegin:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:

pass
|

bu sekilde daha okunakli hale getirilebilir:

-

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Bu iglevi agiklayan t yping ve PEP 484 boliimlerine bakin.

tiir ipucu
Bir degisken, bir sinif niteligi veya bir islev parametresi veya doniis degeri i¢in beklenen tiirii belirten bir ek
actklama.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

Genel degigkenlerin, sinif ozniteliklerinin ve iglevlerin tiir ipuclarina, yerel degiskenlere degil, typing.
get_type_hints () kullanilarak erisilebilir.

Bu iglevi aciklayan typing ve PEP 484 boliimlerine bakin.

evrensel yeni satirlar
Asagidakilerin tiimiintin bir satirin bitisi olarak kabul edildigi metin akislarin1 yorumlamanin bir yolu: Unix
satir sonu kurali \n', Windows kurali ' \r\n"', ve eski Macintosh kural1 '\ r'. Ek bir kullanim i¢cin PEP 278
ve PEP 3116 ve ayrica bytes.splitlines () bakin.

degisken aciklama
Bir degiskenin veya bir sinif 6zniteliginin ek aciklamast.

Bir degiskene veya sinif niteligine agiklama eklerken atama istege baghdir:

class C:
field: 'annotation'
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Degisken agiklamalar1 genellikle #ir ipuclar: igin kullanilir: 6rnegin, bu degiskenin int degerlerini almasi
beklenir:

[count: int = 0 ]

Degisken agiklama sozdizimi annassign boliimiinde agiklanmistir.

Bu islevi agiklayan; function annotation, PEP 484 ve PEP 526 bolumlerine bakin. Ek agiklamalarla ¢calismaya
iligkin en iyi uygulamalar i¢in ayrica bkz. annotations-howto.

sanal ortam
Python kullanicilarinin ve uygulamalarinin, ayni sistem tizerinde ¢alisan diger Python uygulamalarmin dav-
ranigina miidahale etmeden Python dagitim paketlerini kurmasina ve yiikseltmesine olanak tantyan, isbirligi
icinde yalitilmig bir ¢aligma zamani ortama.

Ayrica bakiniz venv.

sanal makine
Tamamen yazilimla tanimlanmig bir bilgisayar. Python'un sanal makinesi, bayt kodu derleyicisi tarafindan
yayinlanan bytecode ‘u ¢aligtirir.

Python’un Zen’i
Dili anlamaya ve kullanmaya yardimci olan Python tasarim ilkeleri ve felsefelerinin listesi. Liste, etkilesimli
komut isteminde “import this” yazarak bulunabilir.
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ex B

Bu dokUmanlar hakkinda

Bu dokiimanlar, Python dokiimanlar1 i¢in 6zel olarak yazilmis bir dokiiman iglemcisi olan Sphinx tarafindan reSt-
ructuredText kaynaklarindan olugturulur.

Dokiimantasyonun ve arag zincirinin gelistirilmesi, tipk1 Python’un kendisi gibi tamamen goniillui bir cabadir. Katkida
bulunmak istiyorsaniz, nasil yapacaginiza iligkin bilgi i¢in liitfen reporting-bugs sayfasina goz atin. Yeni goniilliilere
her zaman aci181z!

Destekleri i¢in tesekkiirler:
 Fred L. Drake, Jr., orijinal Python dokiimantasyon arag setinin yaraticisi ve icerigin ¢ogunun yazart;
» Docutils projesi, reStructuredText ve Docutils paketini olusturduklar i¢in;

 Fredrik Lundh, Sphinx’in pek cok iyi fikir edindigi Alternatif Python Referans: projesi i¢in.

B.1 Python Dokimantasyonuna Katkida Bulunanlar

Bircok kisi Python diline, Python standart kiitiiphanesine ve Python dokiimantasyonuna katkida bulunmustur. Kat-
kida bulunanlarin kismi bir listesi i¢cin Python kaynak dagitiminda Misc/ACKS dosyasina bakin.

Python toplulugunun girdileri ve katkilar1 sayesinde boyle harika bir dokiimantasyona sahibiz — Tesekkiirler!
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ek G

Tarihge ve Lisans

C.1 Yazilimin tarihcesi

Python, 1990’larin basinda Guido van Rossum tarafindan Hollanda’da Stichting Mathematisch Centrum’da (CWI,
bkz. https://www.cwi.nl/) ABC adl1 bir dilin devam1 olarak olusturuldu. Guido, digerlerinin oldukga katkisi olmasina
ragmen, Python’un ana yazari olmaya devam ediyor.

1995’te Guido, yazilimin cesitli stiriimlerini yaymladig1 Virginia, Reston’daki Ulusal Arastirma Girigimleri Kuru-
mu’'nda (CNRI, bkz. https://www.cnri.reston.va.us/) Python iizerindeki ¢alimalarina devam etti.

Mayis 2000°’de, Guido ve Python c¢ekirdek gelistirme ekibi, BeOpen PythonLabs ekibini olugturmak igin Be-
Open.coma tagindi. Ayn1 yilim Ekim ayinda PythonLabs ekibi Digital Creationsa (simdi Zope Corporation; bkz.
https://www.zope.org/) tasindi. 2001 yilinda, Python Yazilim Vakfi (PSF, bkz. https://www.python.org/psf/) kurul-
du, ozellikle Python ile ilgili Fikri Miilkiyete sahip olmak icin olusturulmus kar amaci giitmeyen bir organizasyon.
Zope Corporation, PSF'nin sponsor iiyesidir.

Tiim Python stirtimleri Agik Kaynaklidir (A¢ik Kaynak Tanimi i¢in bkz. https://opensource.org/). Tarihsel olarak,
tiimii olmasa da ¢cogu Python siiriimleri de GPL uyumluydu; agagidaki tablo cesitli yayinlar1 6zetlemektedir.

Yayin Sundan tiredi: Yl Sahibi GPL uyumlu mu?
0.9.0dan 1.2’ye  n/a 1991-1995 CWI evet
1.3‘dan 1.5.2’ye 1.2 1995-1999 CNRI evet
1.6 1.5.2 2000 CNRI hayr
2.0 1.6 2000 BeOpen.com  hayir
1.6.1 1.6 2001 CNRI hayir
2.1 2.0+1.6.1 2001 PSF hayr
2.0.1 2.0+1.6.1 2001 PSF evet
2.1.1 2.1+2.0.1 2001 PSF evet
2.1.2 2.1.1 2002 PSF evet
2.1.3 2.12 2002 PSF evet
2.2 ve lizeri 2.1.1 2001-Giiniimiiz ~ PSF evet
O Not

GPL uyumlu olmasi, Python'u GPL kapsaminda dagittigimiz anlamina gelmez. Tiim Python lisanslari, GPL'den
farkli olarak, degisikliklerinizi acik kaynak yapmadan degistirilmis bir stiriimii dagitmaniza izin verir. GPL
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uyumlu lisanslar, Python'u GPL kapsaminda yayinlanan diger yazilimlarla birlestirmeyi miimkiin kilar; digerleri
yapmaz.

Bu yayinlar1 miimkiin kilmak i¢in Guido'nun yonetimi altinda ¢alisan bircok goniilliiye tesekkiirler.

C.2 Python’a erismek veya baska bir sekilde kullanmak icin sartlar

ve kosullar

Python yazilimi ve belgeleri PSF Lisans Anlasmas: kapsaminda lisanslanmastir.

Python 3.8.6’dan baslayarak, belgelerdeki 6rnekler, tarifler ve diger kodlar, PSF Lisans Sozlesmesi ve Zero-Clause
BSD license kapsaminda ¢ift lisanshidir.

Python’a dahil edilen baz1 yazilimlar farkli lisanslar altindadir. Lisanslar, bu lisansa giren kodla listelenir. Bu lisans-
larin eksik listesi igin bkz. Tiizel Yazilimlar icin Lisanslar ve Onaylar.

C.2.1 PYTHON iCiN PSF LISANS ANLASMASI 3.14.0a2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python
3.14.0a2 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.14.0a2 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 3.14.0a2 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.14.0a2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.14.0a2.

4. PSF 1s making Python 3.14.0a2 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.14.0a2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.0a2
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a2, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
third party.
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8.

By copying, installing or otherwise using Python 3.14.0a2, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 PYTHON 2.0 iCiN BEOPEN.COM LiSANS SOZLESMESI

BEOPEN PYTHON ACIK KAYNAK LISANS SOZLESMESI SURUM 1

i

This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 PYTHON 1.6.1 iCIN CNRI LISANS ANLASMASI

1.

This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,

(sonraki sayfaya devam)
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(6nceki sayfadan devam)

distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 0.9.0 ARASI 1.2 PYTHON iCiN CWI LISANS SOZLESMESI

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

(sonraki sayfaya devam)
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Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 PYTHON 3.14.0a2 BELGELERINDEKI| KOD iCiN SIFIR MADDE BSD LiSANSI

N
Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Tuzel Yazilimlar icin Lisanslar ve Onaylar

Bu boliim, Python dagitimina dahil edilmis tictincii taraf yazilimlar i¢in tamamlanmamig ancak biiyiiyen bir lisans
ve onay listesidir.

C.3.1 Mersenne Twister’i

random modiiliintin altyapsini olugturan _random C uzantisi, http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html adresinden indirilen kodu temel alir. Orijinal koddan kelimesi kelimesine yorumlar asa-
Sidadir:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

(sonraki sayfaya devam)
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notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Soketler

socket modiilii, https://www.wide.ad.jp/ adresindeki WIDE Projesinden ayr1 kaynak dosyalarinda kodlanan
getaddrinfo () ve getnameinfo () fonksiyonlarimi kullanir.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS '“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(sonraki sayfaya devam)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 Asenkron soket hizmetleri

The test.support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cerez yonetimi

http.cookies modiilii asagidaki uyarty1 igerir:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>

All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.5 Calistirma izleme

trace modiilii asagidaki uyariy1 igerir:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode ve UUdecode fonksiyonlari

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard
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C.3.7 XML Uzaktan Yordam Cagrilari

xmlrpc.client modiilil asagidaki uyariyi igerir:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll modiilii agsagidaki uyarry1 icerir:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 kqueue secin

select modiilii, kqueue arayiizii icin asagidaki uyariy1 icerir:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " “AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c dosyasi, Dan Bernstein'in SipHash24 algoritmasinin Marek Majkowski uygulamasini igerir.
Burada agagidaki not yer alir:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod ve dtoa

C double’larinin dizelere ve dizelerden doniistiiriilmesi i¢in dtoa ve strtod C fonksiyonlarini saglayan Python/dtoa.
c dosyast, su anda https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c ‘den erisilebilen
David M. Gay tarafindan ayn: adl1 dosyadan tiiretilmigtir. 16 Mart 2009’da alinan orijinal dosya asagidaki telif hakki
ve lisans bildirimini igerir:

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k*****‘k***********‘k*****‘k*‘k***‘k*****‘k*‘k************************/

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

(sonraki sayfaya devam)
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"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable

by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)

with the Work to which such Contribution(s) was submitted. If You

(sonraki sayfaya devam)
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institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

(sonraki sayfaya devam)
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

(sonraki sayfaya devam)
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The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

ctypes modiiliiniin altyapsin olusturan _ctypes C uzantisi, ~—with-system-1ibffi olarak yapilandiriimadigi
stirece libffi kaynaklarinin dahil edildigi bir kopya kullanilarak olusturulur:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

z1ib uzantisi, sistemde bulunan zlib siirtimii derleme i¢in kullanilamayacak kadar eskiyse, zlib kaynaklarinin dahil
edildigi bir kopya kullanilarak olugturulur:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
(sonraki sayfaya devam)
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appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc tarafindan kullanilan hash tablosunun uygulanmasi cfuhash projesine dayanmaktadir:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system—1libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
(sonraki sayfaya devam)
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modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test paketi

test paketindeki C14N 2.0 test paketi (Lib/test/xmltestdata/c14n-20/), https://www.w3.org/TR/

xml-c14n2-testcases/ adresindeki W3C web sitesinden alinmigtir ve 3 maddeli BSD lisansi altinda dagitilmakta-
dur:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
(sonraki sayfaya devam)
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(6nceki sayfadan devam)

are met:
1. Redistributions of source code must retain the above copyright

notice unmodified, this list of conditions, and the following

disclaimer.
2. Redistributions in binary form must reproduce the above copyright

notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR " "AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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